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Docketing Notice _ 

Application 08/869,386 was received from the Technology Center at the Board on April 
23, 2004 and has been assigned Appeal No: 2004-1392. 

A review of the file indicates that the following documents have been filed by appellant: 



In all future communications regarding this appeal, please include both the application 
number and the appeal number. 

The mailing address for the Board is: 



The facsimile number of the Board is 703-308-7952. Because of the heightened security 
in the Washington D.C. area, facsimile communications are recommended. Telephone 
inquiries can be made by calling 703-308-9797 and should be directed to a Program and 
Resource Administrator. 



Appeal Brief filed on: March 3 1 , 2000 

Reply Brief filed on: None 
Request for Hearing filed on: June 29, 2000 
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TH: UNIVERSITY OF TEXAS 

MD A1SDERSON standard curriculum vitae format-2ooi 

CANCER CENTER Faculty Academic Affairs 



NAME Pramod N. Nehete, Ph.D. 

PRESENT TITLE AND AFFILIATION 
Primary Appointment 

Assistant Professor 

The University of Texas M D Anderson Cancer Center 
Science Park - Department of Veterinary Sciences, Bastrop, TX 
Dual/Joint Appointment 
N/A 

CITIZENSHIP AND VISA STATUS (if appropriate) 

USA 

HOME ADDRESS (current) 

Bastrop, TX 78602 

OFFICE ADDRESS (current) 

650 Cool Water Drive, Bastrop, TX 78602 

EDUCATION 

Degree-Granting Education 

Vikram University, Ujjain, India, B.S., 1975, Biology/Chemistry 
G.B. Pant Univ. of Agriculture and Technology, Pantnager, India, M.S., 1980, 
Biochemistry 

Dept. of Chemistry, University of Poona, Pune, India, Ph.D., 1989, Biochemistry 
Postgraduate Training 

Graduate Research Assistant, Dept of Biochemistry, G.B. Pant University of Agriculture 

and Technology, Pantnager, India, 1975-1977. 
Research Scientist, Sarabhai Research Center, Baroda, India, Supervisor: Dr. RM 
Kothari, 1977-1990 

Project Investigator, Dept. of Molecular Pathology, UT M D Anderson Cancer Center, 
Houston, TX, Supervisors: Dr. RB Arlinghaus and Dr KJ Sastry, 1990-1993. 

CREDENTIALS 

Board Certification 

N/A 
Licensure(s) 
N/A 
Active 
Inactive 

EXPERIENCE/SERVICE 
Academic Appointments 

Research Associate, The University of Texas M D Anderson Cancer Center, Department 

of Molecular Pathology, Houston, TX, 9/1993-8/1994. 
Research Associate, The University of Texas M D Anderson Cancer Center, Science 

Park-Department of Veterinary Sciences, Bastrop, TX, 9/1994-12/1995. 
Assistant Professor, The University of Texas M D Anderson Cancer Center, Science 

Park-Department of Veterinary Sciences, Bastrop, TX, 1/1996-Present 
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Academic Administrative Appointments/Responsibilities 

N/A 

Institutional Committee Activities 

N/A 

Other Appointments/Responsibilities 

N/A 

Consultantships 

N/A 

Military or Other Governmental Service 

N/A 

HONORS AND AWARDS 

Awarded national scholarship for graduate studies. 

Awarded the Center for Scientific and Industrial Research (CSIR) fellowship for post- 
graduate studies. 

RESEARCH 

Grants and Contracts 

Project Investigator, HIV Envelope Peptide-Based Vaccine in SHIV-Rhesus Model, PI KJ 
Sastry, NIH/NIAID #RO A146969-02, 4/01/2000-3/31/2002, $340,000 annual budget. 

Project Investigator, HPV Specific Cellular Immunity in CIN Patients: A Prospective 
Study, PI KJ Sastry, DHHS/NIH National Cancer Institute 5R01CA77378-03, 8/1/199- 
5/31/2004, $352,792 annual budget. 

Co-Principal Investigator, Studies on Therapeutic Potentials of HIV Synthetic Peptides: 
Development of a Peptidomimetic Form of R15K, BioQuest/Biokeys, Inc. Sponsored 
Research Agreement #96-006/A1, PI KJ Sastry, Open, $267,837. 

Co-Principal Investigator, Studies on Therapeutic Potentials of HIV Synthetic Peptides, 
BioQuest/Biokeys, Inc. Sponsored Research Agreement #96-006, PI KJ Sastry, Open, 
$755,619. 

Co-Principal Investigator, Studies on Therapeutic Potentials of HIV Synthetic Peptides: 
Clinical and Pre-clinical Studies, BioQuest/Biokeys, Inc, Sponsored Research Agreement 
#96-006/A2 (SR96-06B), PI KJ Sastry, Open, $126,916 

Funded Protocols 

N/A 

Patents Granted and Pending 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Methods and compositions for 
eliciting cytotoxic T-lymphocyte responses against viruses, Australian Patent No. 666160, 
5/20/1996. 

VA Dwyer, KJ Sastry, RB Arlinghaus, PN Nehete, CD4 peptides for binding to viral 
envelope proteins, US SN: 08/115,171, 6/17/1996. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Use of a composition comprising 
a peptide for the inhibition of HIV. European Patent 991 1207.2107, 8/17/1999. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-Lymphocyte responses against viruses. US SN 08/860,386, European Patent: 
0671947 B1. 3/8/2000. 
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Pending: 

KJ Sastry, R Arlinghaus, C Platsoucas, PN Nehete. Compositions and methods for 
eliciting immune or anti-infective response (a) enhancement and systemic spread of 
virus-specific CTL responses mediated by mixtures of helper T-cell and CTL inducing 
peptides. (SN 08/869,386) filed 9/16/1992 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Inhibition of HIV type-1 infection 
of human cells by synthetic peptides from gp120. A divisional patent application is 
pending in the USA, European Patent issued and an International Patent is pending. 

KJ Sastry, RB Arlinghaus, PN Nehete, HIV-specific T-cell induction (SN 60/108,563) 

KJ Sastry, VA Dwyer, RB Arlinghaus, PN Nehete, Peptides for inhibiting the infection of 
target cells by lentiviruses. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Swedish Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Spanish Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Italian Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Dutch Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, French Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Greek Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Portuguese Patent application based 
on European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Danish Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 
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KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Irish Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Austrian Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Swiss Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, Belgian Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, German Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, CD Platsoucas, PN Nehete, Compositions for eliciting 
cytotoxic T-lymphocyte responses against viruses, British Patent application based on 
European Patent Application No. 9300770.4 from PCT/US 92/10378 and US SN 
07/800,932 and 07/945,865. 

KJ Sastry, RB Arlinghaus, PN Nehete, HIV-Specific T-Cell Induction. Canadian 
Counterpart Patent Application Based on International Patent Application No. 
PCT/US99/27185 and US SN 60/108,563 and 60/115,175, filed 5/15/2001. 

KJ Sastry, RB Arlinghaus, PN Nehete, HIV-Specific T-Cell Induction European Patent 
Application No. 99865820.6-1219, Serial No. 1131633, Based on International Patent 
Application No. PCT/US99/27185 and US SN 60/108,563 and 60/115,175, published 
9/12/2001. 

KJ Sastry, RB Arlinghaus, PN Nehete, HIV-Specific T-Cell Induction Japanese Patent 
Application No. 2000-582054Based on International Patent Application No. 
PCT/US99/27185 and US SN 60/108,563 and 60/115,175. 

Invention Disclosure: KJ Sastry and PN Nehete, Reagents and methods for adjuvant-free 
vaccines against infectious diseases and cancer. 
Grant Reviewer/Service on NIH/Other Study Sections 

N/A 

PUBLICATIONS 

a. Articles in Peer-Reviewed Journals 

Nehete PN, Shah VD, Kothari RM. Profiles of alkaline protease production as a function 
of composition of the slant, age, transfer and isolate number of physiological satue of 
culture. Biotechnol Letters 7:413-8, 1985. 

Nehete PN, Shah VD, Kothari RM. Isolation of higher yielded of alkaline protease. 
Enzyme and microbial Technol 8:370-2, 1986, 
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Shah DN, Shah VD, Nehete PN, Kothari RM. Isolation of B locheniformic mutant for 
stable production profiles of alkaline protease. Biotechnol Letters 8:103-6, 1986. 

Nehete PN, Kothari RM, Shankar V. Immobilization of amyloglucosidase on an anion 
exchanger: I. Preparation and properties. Food and Technol 1:107-16, 1987. 

Nehete PN, Hegde MV ( Reddy LG, Shankar V. Immobilization of amyloglucosidaes on 
polystyrene anion exchange resin. II. Kinetics and stabilities. Biotechnol Letters 9:651-6, 
1987. 

Shah NK, Shah DN ( Upadhyay CM, Nehete PN, Kothari RM. An economical, upgraded, 
stabilized and efficient preparation of amyloglucosidase. J Biotechnol 10:267-76, 1989. 

Shah NK, Shah VD, Nehete PN, Kothari RM. Isolation of a stable and high yielding alph- 
amylase variant of S. subtilis. J. Biotechnol 1 1 :67-74, 1989. 

Upadhyay CM, Nehete PN, Kothari RM. Studies on the production of lipase from R. 
oligosporous, Biotechnol Letters 1 1 :793-6, 1989. 

Shah NK, Upadhyay CM, Nehete PN, Kothari RM, Hegde MR. A upgraded, stabilized 
and efficient preparation of alpha-amylase. J. Biotechnol 16:97-108, 1990. 

Nehete PN, Shah NK, Kothari RM. Recycling of mother liquor of sorbose and glucose for 
hexitol production. Resources, Conserv & Recycling 5:81-7, 1991. 

Upadhyay CM, Nehete PN, Shah DN, Shah NK, Shankar V, Kothari RM. Alternate 
economical starchy substrates for the production of 70% sorbitol. Starch 43(3):107-13, 
1991. 

Sastry KJ, Nehete PN, Kan S, et ai Membrane-permeable dideoxyuridine 5 M - 
monophosphate analogue inhibits human immunodeficiency virus infection, Mol 
Pharmacol 41 (3):441 -5, 1992. 

Sastry KJ, Nehete PN, Venkatnarayanan S, Morkowski J, Platsoucas CD, Arlinghaus RB. 
Rapid in vivo induction of HIV-specific CD8 + cytotoxic T lymphocytes by a 15-amino acid 
unmodified free peptide from the immunodominant V3-loop of gp120. Virology 
188(2):502-9, 1992. 

Nehete PN, ef a/. Immobilization of amyloglucosidase on polystyrene anion exchange 
resin: III Product analysis. Food Biotechnol 6:127-34, 1992. 

Nehete PN, Shsh NK, Ramamurthy V, Kothari RM. An optimized protocol for the 
production of high purity maltose. World J Microbiol & Biotechnol, 1992. 

Shankar V, Nehete PN, Kothari RM. Immobilization of amyloglucosidase [Review]. Indian 
J Biochem & Biophysics 30(1):62-70, 1993. 

Nehete PN, Satterfield WC, Matherne CM, Arlinghaus RB, Sastry KJ. Induction of human 
immunodeficiency virus-specific T cell responses in rhesus monkeys by synthetic 
peptides from gp160. AIDS Res and Human Retroviruses 9(3):235-40, 1993. 

Nehete PN, Arlinghaus RM, Sastry KJ. Inhibition of human immunodeficiency virus type 1 
infection and syncytium formation in human cells by V3 loop synthetic peptides from 
gp120. J Virol 67(11):6841-6, 1993. 
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Ramamurthy V, Upadhyay Cm, Nehete PN, et al. Industrial significant enzymes: Strategy 
for R&D, semi-commercial production, upgradation, stabilization and applications 
[Review]. Hindustan Antibiotics Bulletin 35(1-2):43-76, 1993. 

Nehete PN, Arlinghaus RB, Sastry KJ. Use of helper T cell-inducting peptides from 
conserved regions in HIV-1 env in a noncovalent mixture with a CTL-inducing V3-Ioop 
peptide for in vivo induction of long-lasting systemic CTL response. Vial Immunol 
7(4):189-97, 1994. 

Nehete PN, Casement KS, Arlinghaus RB f Sastry KJ. Studies on in vivo induction of HIV- 

1 envelope-specific cytotoxic T lymphocytes by synthetic peptides from the V3 loop 
region of HIV-1 NIB gp120. Cell Immunol 160(2):217-23, 1995. 

Nehete PN, Murthy KK, Satterfield WC, Arlinghaus RB, Sastry KJ. Studies on V3-specific 
cross-reactive T-cell responses in chimpanzees chronically infected with HIV-1 1MB. AIDS 
9(6):567-72, 1995. 

Casement KS, Nehete PN, Arlinghaus RB, Sastry KJ. Cross-reactive cytotoxic T 
lymphocytes induced by V3 loop synthetic peptides from different strains of human 
immunodeficiency virus type 1. Virology 211 (1 ):261-7, 1995. 

Sarkar AK, Tortolero-Luna G, Nehete PN, Arlinghaus RB, Mitchell MR, Sastry KJ. 
Studies on in vivo induction of cytotoxic T lymphocyte responses by synthetic peptides 
from E6 and E7 oncoproteins of human papillomavirus type 16. Viral Immunol 8(3): 165- 
74, 1995. 

Nehete PN, Johnson PC, Schapiro SJ, Arlinghaus RB, Sastry KJ. Cross-reactive T-cell 
proliferative responses to V3 peptides corresponding to different geographical HIV-1 
isolates in HIV-seropositive individuals. J Clin Immunol 16(2):1 15-24, 1996. 

Sastry KJ, Marin MC, Nehete PN, McConnell K, El-Naggar AK, McDonnell TJ. 
Expression of human immunodeficiency virus type 1 tat results in down-regulation of bcl- 

2 and induction of apoptosis in hematopoietic cells. Oncogene 13(3):487-93, 1996. 

Schapiro SJ, Nehete PN, Perlman JE, Bloomsmith MA, Sastry KJ. Effects of dominance 
status and environmental enrichment on cell-mediated immunity in rhesus macaques. 
Appl Anim Behav Sci 56:319-32, 1998. 

Oka T, Sastry KJ, Nehete P, ef al. Evidence for specific immune response against P210 
BCR-ABL in long-term remission CML patients treated with interferon. Leukemia 12:155- 
63, 1998. 

Nehete PN, Schapiro SJ, Johnson PC, Murthy KK, Satterfield WC, Sastry KJ. A synthetic 
peptide from the first conserved region in the envelope protein gp160 is a strong T-cell 
epitope in HIV-infected chimpanzees and humans. Viral Immunity 11 (3): 147-1 58, 1998. 

Nehete PN, Lewis DE, Tang DN, Pollack MS, Sastry KJ. Presence of HLA-C-restricted 
cytotoxic T-lymphocyte responses in long-term nonprogressors infected with human 
immunodeficiency virus. Viral Immunology 11 (3): 11 9-29, 1998. 

Schapiro SJ, Nehete PN, Perlman JE, Sastry KJ. A comparison of cell-mediated 
immunity in rhesus macaques housed singly, in pairs, or in-groups. Appl Anim Behav Sci 
68:67-84, 2000. 

Dolbier CL, Cocke RR, Leiferman JA, et a/.. Differences in functional immune responses 
of high vs. low hardy healthy individuals, J Behav Med 24(3):219-29, 2001 . 
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Sastry KJ, Nehete PN, Savary, CA. Impairment of antigen-specific cellular immune 
responses under simulated microgravity conditions. In Vitro Anim Cell & Dev Biology 
37:203-8, 2001. 

Nehete PN, Chitta S, Hossain MM, ef a/. Protection against chronic infection and AIDS by 
an HIV envelop peptide-cocktail vaccine in a pathogenic SHIV rhesus model. Vaccine (In 
Press), 
b. Invited Articles 

Sastry KJ, Nehete PN, Casement K, Platsoucas CD, Arlinghaus RB. Rapid induction of 
virus-specific MHC-restricted CTLs with short synthetic peptides. In: Vaccines 93, RA 
Lerner, F Brown, HS Ginsberg (eds), Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY, pp. 19-23, 1993. 

Nehete PN, Arlinghaus RB, Sastry KJ, Satterfield WC, Matherne CM. HIV-specific T-cell 
responses in rhesus monkeys immunized with synthetic peptides from gp160. In: 
Vaccines 93, RA Lerner, F Brown, HS Ginsberg (eds), Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY, pp. 91-4, 1993. 

Sastry KJ, Nehete P, Casement K, Arlinghaus RB. Some synthetic peptides representing 
HIV-specific CTL epitopes fail to induce CTL responses in vivo: Implications for vaccine 
development. In: Vaccines 94, F Brown, R. Chanock, H Ginsberg (eds), Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY, pp. 175-80, 1994. 

Nehete PN, Arlinghaus RB, Sastry KJ. V3 loop synthetic peptides block infection and 
syncytium formation by HIV-1 In: Vaccines 94, F Brown, R. Chanock, H Ginsberg (eds), 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, pp.285-9, 1994. 

Nehete PN, Chitta S, Hossain MM, Hill L, Bernacky B, Sastry KJ. Synthetic peptide- 
based HIV vaccine induces protective immunity in SHIV-rhesus model. In: Peptides for 
the New Millenium, GB Fields, JP Tarn, G Barany (eds), Kluwer Academic Publishers, 
Dordrecht, The Netherlands, pp. 706-7, 2000. 

Hossain MM, Nehete PN, Chitta S, Sastry KJ. Synthetic peptide-based reagents for 
blocking the entry and inactivation of HIV. In: Peptides for the New Millenium, GB Fields, 
JP Tarn, G Barany (eds), Kluwer Academic Publishers, Dordrecht, The Netherlands, pp. 
258-9, 2000. 

Sastry, KJ, Nehete PN, Chitta S, ef a/. W. A conserved HIV envelope peptide cocktail 
vaccine provides efficient control of simian human immunodeficiency virus infection in 
rhesus monkeys. In: Workshop on HIV/AIDS Vaccine Development, National Agency for 
AIDS Research, Paris France, page 76, 2000. 

Sastry KJ, Nehete PN, Gambhira R, Nehete B, Keeney TS. Synthetic peptide-based 
vaccine for induction of cell-mediated immunity against HIV and HPV, review article for 
publishing in second issue of the series Virology in book titled "Recent Research 
Developments in Virology, 3/01 -Accepted for publication January 2002. 

c. Editorials 
N/A 

d. Other Articles 

N/A 

e. Abstracts (Last five years only) 

N/A 

f. Book Chapters 

N/A 

g. Books (edited and written) 
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N/A 

h. Letters to the Editor 

N/A 

i. Manuals, Teaching Aids, Other Publications 
N/A 

j. Other 

N/A 

EDITORIAL AND REVIEW ACTIVITIES 
Editor/Service on Editorial Board(s) 

N/A 

Journal Reviewer 

N/A 

TEACHING 

Within Current Institution 
Formal Teaching 
Courses Taught 

N/A 

Training Programs 

N/A 

Other Educational Programs 

N/A 

Supervisory Teaching 
Advisory Committees 

Member, Advisory Committee, Melissa West, 1998-2001. 
Supervisory Committees 
Direct Supervision 

Undergraduate and Allied Health Students 

Faculty, Dept. of Veterinary Sciences, Ben Winders, College Student, 240 hours, 

Summer 2000. 
Medical Students 
N/A 

Graduate Students 
Residents and Fellows 

Supervisor, Dept. of Veterinary Sciences, Fasial Guhad DVM, PhD August 1999- 
May 2001 

Supervisor, Dept. of Veterinary Sciences, Ratish Gambhir, BVSc, MVSc, May 
2000-Present 

Supervisor, Dept. of Veterinary Sciences, Taletha Keeney, MS, May 2000- 
Present 

Supervisor, Dept. of Veterinary Sciences, Bharti Nehete, BSc, September 2000- 



Outside of Current Institution 

Organization of National or International Conferences/Symposia (Include chairing 
session) 

Presentations at National or International Conferences 



Induction of HIV-specific T-cell responses in rhesus monkeys by synthetic peptides 
from gp160 by Nehete P, Satterfield W, Sharma V, Arlinghaus R, Sastry J. 
Cold Spring Harbor Laboratory's Seminar on "Modern Approaches to New Vaccines 
Including Prevention of AIDS, Cold Spring Harbor, NY, September 16-20, 1992. 

Synthetic peptides from the immunodominant V3 loop of gp120 inhibit infection of 
human cells by HIV-1 by Sastry KJ, Nehete P, Arlinghaus RB. Cold Spring Harbor 



Present 



Invited 
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Laboratory's Seminar on "Modern Approaches to New Vaccines Including Prevention 
of AIDS, Cold Spring Harbor, NY, September 20-24, 1993. 

V3 loop synthetic peptides block infection and syncytia formation by HIV-1 by Nehete 
PN f Arlinghaus RB. Sastry KJ. Cold Spring Harbor Laboratory's Seminar on "Modern 
Approaches to New Vaccines Including Prevention of AIDS, Cold Spring Harbor, NY, 
September 20-24, 1993. 

Some synthetic peptides representing HIV-specific CTL epitopes fail to induce CTL 
responses in vivo: Implication for vaccine development by Sastry KJ, Casement K, 
Nehete PN, Arlinghaus RM. Cold Spring Harbor Laboratory's Seminar on "Modern 
Approaches to New Vaccines Including Prevention of AIDS, Cold Spring Harbor, NY, 
September 20-24, 1993. 

Efficacy of a synthetic peptide -based vaccine in the SHIV rhesus model by Sastry 
KJ, Nehete P, Chitta S, Hossain MM, Hill L, Bernacky B. AVRC Workshop, Bethesda, 
MD, May 3-5, 1999. 

Efficacy of a highly conserved HIV envelope peptide cocktail vaccine in the SHIV- 
rhesus model by Nehete PN, Chitta S, Hossain MM, Hill L, Arlinghaus RB, Sastry KJ. 
2001 International Meeting of the Institute of Human Virology, Baltimore, MD, 
September 9-13, 2001. 

HIV envelope peptide cocktail vaccine for selective priming of cell-mediated immunity 
and protection against pathogenic SHIV Challenge in Rhesus Macaques by Sastry, 
K, Nehete PN, Chitta S, Hossain MH, Hill L, Keeney T, Nehete B, Arlinghaus RB. 19 th 
Annual Symposium on Nonhuman Primate Models for Aids, San Juan, Puerto Rico, 
November 7-10, 2001. 
Other, Including Scientific Exhibitions 

Poster presentation and co-author: A new strategy for chemotherapy of acquired 
immunodeficiency syndrome: Membrane-permable dideoxy uridine monophosphate 
analogues as potent inhibitors of human immunodeficiency virus infection by Sastry 
KJ, Nehete PN, Khan S, Plunkett W, Arlinghaus RB and Farquhar DA. 8 th Annual 
Meeting of Laboratory of Tumor Cell Biology, National Cancer Institute, NIH, 
Bethesda, MD September 1991. 

Poster presentation co-author, Autocrine growth-factor activity in human neoplastic 
B-cells by Nehete PN, Sharma V, Sastry KJ, Arlinghaus RB, Sahasrabuddhe CG. 
FASEB Journal 5(4):A541, 1991. 

Poster presentation co-author, Rapid induction of HIV-specific cytotoxic T 
lymphocytes by an unmodified free peptide from the V3 loop of gp120 by Sastry J, 
Nehete P, Sharma V, Morkowski J, Platsoucas C, Arlinghaus R. Keystone Symposia 
on Molecular and Cellular Biology - Prevention and Treatment of AIDS, Keystone, 
CO, March 27-April 3, 1992. 

Poster presentation co-author, Synthetic peptides from the immunodominant V3 loop 
of gp120 inhibit infection of human cells by HIV-1 by Sastry KJ, Nehete P, Arlinghaus 
RB. Cold Spring Harbor Laboratory's Meeting on "Modem Approaches to New 
Vaccines Including Prevention of AIDS", Cold Spring Harbor, NY, September 16-20, 
1992. 

Poster presentation co-author, Importance of determining specific CTL-inducing 
capacity of known CTL epitope: Application for vaccine development by Casement K, 
Nehete P, Bender B, et a/. 45 th Annual symposium on Fundamental Cancer 
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Research - Immunobiology of Cancer: Cellular and Molecular Mechanisms, UT M D 
Anderson Cancer Center, Houston, TX, October 20-23, 1992. 

Poster presentation co-author, Induction of HIV specific T-Cell responses in rhesus 
monkeys by synthetic peptides from conserved regions of HIV env gp160 by Nehete 
P, Satterfield W, Arlinghaus R t Sastry J. 45 th Annual symposium on Fundamental 
Cancer Research - Immunobiology of Cancer: Cellular and Molecular Mechanisms, 
UT M D*Anderson Cancer Center, Houston, TX, October 20-23, 1992. 

Poster presentation co-author, Multifunctional synthetic peptides: Blockage of HIV 
infection, synctia formation and induction HIV-specific CTL responses by Nehete P, 
Arlinghaus R, Sastry KJ, Casement K. Keystone Symposia on Molecular and Cellular 
Biology, Taos, NM, March 17-24, 1993. 

Poster presentation co-author, Studies on the cross reactivity of HIV-1 V3 loop 
peptide induced cytotoxic T Lymphocytes by Casement K, Nehete P, Arlinghaus R, 
Sastry J. Cambridge Healthtech Institute's Conference on 'Vaccines: New 
Technology and Applications", Washington, DC, March 22-24, 1993. 

Poster presentation co-author, Inhibition of HIV-1 infection and syncytia formation by 
synthetic peptides from the V3 loop in gp120: Potential for AIDS therapy by Nehete 
P, Arlinghaus R, Sastry J. 93 rd General Meeting of the American Society for 
Microbiology, Atlanta, GA, May 16-20, 1993. 

Poster presentation co-author, V3 loop synthetic peptides block infection and 
syncytia formation by HIV-1 by Nehete PN, Arlinghaus RB, Sastry KJ. Cold Spring 
Harbor Laboratory's Meeting on "Modern Approaches to New Vaccines Including 
Prevention of AIDS:, Cold Spring Harbor, NY, September 20-24, 1993. 

Poster presentation co-author, Synthetic HIV peptides for prophylaxis and treatment 
of HIV-induced acquired immunodeficiency syndrome by Nehete P, Casement K, 
Arlinghaus R, Sastry KJ. First International Conference on Engineered Vaccines for 
Cancer and AIDS, San Francisco, CA, September 30-October 2, 1993. 

Poster presentation co-author, Blocking human immunodeficiency virus infection and 
cell to cell transmission by highly stable synthetic peptides by Nehete P, Sastry KJ, 
Casement K, Arlinghaus RB. Texas Triangle Meeting, Dallas, TX, March 18-19, 
1994. 

Poster presentation co-author, Protection of nude mice from HIV gp160 expressing 
tumors by adoptive transfer of HIV peptide-induced CTLs by Sastry KJ, Nehete P, 
Casement K, Arlinghaus RB. Texas Triangle Meeting, Dallas, TX, March 18-19, 
1994. 

Poster presentation co-author, Synthetic HIV peptides for prophylaxis and treatment 
of HIV-induced acquired immunodeficiency syndrome by Sastry KJ, Nehete P, 
Casement K, Arlinghaus RB. 16 th International Congress of Biochemistry and 
Molecular Biology, New Delhi, India, September 19-22, 1994. 

Poster presentation co-author, HIV-specific cell-mediated immunity in the absences 
of antiviral antibody response: Development of synthetic peptide-based reagents 
[abstract #90] by Sastry KJ, Nehete PN, Johnson PC, Murthy KK, Arlinghaus RB. 13 l 
Annual Symposium on Nonhuman Primate Models for AIDS, Monterey, CA, 
November 5-8, 1995. 
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Poster presentation co-author, Effects of environmental enrichment on cellular 
immune function of rhesus macaques by Schapiro SJ, Nehete PN, Perlman JE, 
Sastry KJ. XVI th Congress of the International Primatological Society, Madison, Wl, 
August 10-16, 1996. 

Poster presentation co-author, Syncytium formation and/or infection by T-cell and 
mircrophage tropic HIV strains are inhibited by synthetic peptides from the V3-loop 
region via specific binding to cell surface by Sastry KJ, Nehete PN, Sarkar AK, 
Arlinghaus RB. Cambridge symposia: "New Insights in HIV Infection and Disease" 
Hilton Head, SC, October 10-13, 1996. 

Poster presentation co-author, Cell surface binding and blocking HIV infection (T-cell 
and macrophage tropic strains) by V3 synthetic peptides by Sastry KJ, Nehete PN, 
Sarkar AK. 1997 Palm Springs Symposium on HIV/AIDS: "Foundations of HIV 
Therapy", Palm Springs, CA, March 13-15, 1997. 

Poster presentation co-author, A post-CD4 binding step common to infection by T- 
cell- and macrophage-tropic HIV-1 strains involves cell surface interaction with the V4 
region of viral gp120 by Nehete PN, Sarkar KA, Liu J, Arlinghaus RB, Sastry, KJ. 
Symposium of HIV-1 Infection, Mucosal Immunity & Pathogenesis, Natcher 
Conference Center, National Institutes of Health, Bethesda, MD, September 11-13, 
1997. 

Poster presentation co-author, HLA-C restricted cytotoxic T lymphocyte responses in 
long-term HIV + survivors by Nehete PN, Lewis DE, Tang DN, Pollack MS, Sastry KJ. 
23 Annual Meeting of the American Society for Histocompatibility and 
Immunogenetics, Atlanta, GA, October 14-19, 1997. 

Poster presentation co-author, The relationship between resiliency, stress, symptoms 
of illness, and immune function by Stenhardt M, Dolbier C, Sastry KJ, et ai 
Psychology of Health, Immunity, and Disease Conference, Hilton Head, SC, 
December 1997. 

Speaker at UT M. D. Anderson Cancer Center, Science Park - Department of 
Veterinary Sciences 1 Faculty Seminar Series: "Towards development of a synthetic 
peptide-based HIV vaccine" Bastrop, TX, April 16, 1998. 

Poster presentation co-author, Development of novel reagents for HIV prophylaxis: 
Studies in multiple animal models and HIV+ long-term nonprogressors by Nehete 
PN, Lewis De, Murthy KK, Johnson PC, Sastry KJ. Cancer Vaccines '98 Conference, 
Bethesda, MD, April 27-28, 1998. 

Poster presentation co-author, A novel HIV vaccine strategy involving the use of 
dendritic cells to present conserved HIV env peptides in SHIV-rhesus model by 
Sastry KJ Nehete P, Chitta S, Bernacky B, Hill, L. HIV Vaccine Development: 
Opportunities and Challenges, Keystone, CO, January 7-1 1 , 1999. 

Poster presentation co-author, Control of infection and pathology in SHIV-infected 
rhesus monkeys by synthetic peptide-based vaccine by Chitta S, Nehete P, Hossain 
M, Hill L, Bernacky B, Sastry J. Experimental Biology '99, Washington, DC, April 17- 
21, 1999. 

Poster presentation co-author, Synthetic peptide-based HIV vaccine: Protective 
efficacy in the SHIV-rhesus model by Sastry KJ, Nehete PN, Chitta S, Hossain MM, 
Hill L, Bernacky B. A.V.P.S. 10 th Symposium on HIV, Toulon, France, June 17-19, 
1999. 
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Poster presentation and co-author, Synthetic peptide-based HIV vaccine induces 
protective immunity in SHIV-rhesus model by Nehete PN, Chitta S, Hossain MM, Hill 
L, Bernacky B, Sastry KJ. 16 th American Peptide Symposium, St. Paul, MN, June27- 
July 1, 1999. 

Poster presentation and co-author, Synthetic peptide-based reagents for blocking the 
entry and interaction of HIV by Hossain MM, Nehete PM, Chitta S, Sastry KJ. 16 
American Peptide symposium, St. Paul, MN, June 27-July 1, 1999. 

Poster presentation and co-author, Synthetic peptide-based vaccine for controlling 
SHIV infection in rhesus monkeys by Sastry KJ, Nehete PM, Chitta S, Hossain MM, 
Hill L, Bernacky B. 17 th Annual Symposium of Nonhuman Primate Models for AIDS. 
New Orleans, LA, October 6-9, 1999. 

Poster presentation and co-author, Immunostimulatory characteristics of dendritic 
cells from rhesus monkeys by Chitta S, Nehete PM, Hossain MM, Sastry KJ. 17 th 
Annual Symposium of Nonhuman Primate Models for AIDS, New Orleans, LA, 
October 6-9, 1999. 

Poster presentation and co-author, Influence of psychosocial factors on immune 
status in rhesus monkeys: Implications for HIV research in non-human primates by 
Nehete PN, Schapiro SJ, Perlman JE t Sastry KJ. 17 th Annual Symposium of 
Nonhuman Primate Models for AIDS, New Orleans, LA, October 6-9, 1999. 

Poster presentation and co-author, A conserved HIV envelope peptide cocktail 
vaccine provided efficient control of Simian Human Immunodeficiency Virus infection 
in rhesus monkeys by Sastry KJ, Nehete PN, Chitta S, ef a/. Workshop on HIV/AIDS 
Vaccine Development, Pasteur Institute, Paris, France, May 5-6, 2000. 

Poster presentation and co-author, HIV envelope peptide cocktail vaccine protects 
against chronic infection and AIDS in the SHIV-rhesus model by Nehete PN, Chitta 
S, Hossain MM, Hill, L, Arlinghaus RB, Sastry KJ. AIDS Vaccine 2001 Conference, 
Philadelphia, PA, September 5-8, 2001 . 

Poster presentation and co-author, A post-CD4-binding step involving the central V3- 
loop region is common to infection by X4 and R5 strains of HIV-1 by Nehete P, 
Hossain M, Fanti J, Sastry KJ. AIDS Vaccine 2001 Conference, Philadelphia, PA, 
September 5-8, 2001. 

Poster presentation and co-author, Post-CD4 binding of HIV1 gp120 to host cell 
membrane glycosphinogolipids through the V3 region is an important and common 
event for the entry of diverse HIV-1 strains by Vela E, Nehete, P, Houssain M, Yaki 
N, Fantini J, Sastry KJ, 19 th Annual Symposium on Non-human Primate Models for 
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Poster presentation and co-author, Improving the efficiency of ELISPOT analyses of 
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Gambhira R, Nehete B, Keeney, T, Lomad K, Chitta S, Sastry KJ. 19 th Annual 
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Poster presentation and co-author, Macaque whole blood samples for flow cytometric 
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on Non-human Primate Models for Aids, San Juan, Puerto Rico, November 7-10, 
2001. 

Seminar Invitations from Other Institutions 

N/A 

Lectureships and Visiting Professorships 

N/A 

Other Presentations (state, local) Conferences 

N/A 

PROFESSIONAL MEMBERSHIPS/ACTIVITIES 

Professional Society Activities, with Offices Held 
Local/state 

N/A 

National and International 

Member - American Association for Advancement of Science 
Member - American Association of Immunologists 
Member - International Society for Antiviral Research 



RESEARCH EXPERIENCE: 

1 . Safe handling of HIV infected tissue culture cells, blood and tissue samples from 
AIDS patients in institutional biohazard level 3 facility using level 3 procedures. 

2. Evaluation of nucleotide analogues and peptides from HIV-1 as anti-HIV agents by: 
Reverse transcriptase assay, Western blot analysis, syncytium formation, MT-4/MTT 
dye reduction assay and neutralizing antibody analysis. 

3. Assay of T- and B-cell responses to HIV peptides in mice, rhesus monkeys, 
chimpanzees and humans. Determination of T-cell proliferation activity by 3 H- 
thymidine incorporation assay and cytotoxic T-lymphocyte (CTL) activity by 51 Cr- 
release assay. 

4. Screening of HIV peptides for in vivo induction of HMC-restricted, CD8 + cytotoxic T- 
lymphocyte responses in mice. 

5. PCR analysis of HIV infection in PBMC's, serum, and cerebrospinal fluid from HVI 
positive individuals. 

6. Animal handling: various types of immunization (i.v., i.p., s.c, and i.m. and foot pads), 
retro-orbital plexus for blood sampling from mice. 

7. Analytical techniques include ultracentrifugation, spectrophotometry, scintillation 
counting, radio-immunoprecipitation analysis, ELISA, immunofluorescence etc. 

8. Isolation characterization of DCs from blood and using peptide pulsed-DC's as 
vaccine. 

9. Intracellular Elispot assay for y-IFN and TNF-oc. 

10. Designing of new delivery systems for synthetic peptide antigens to induce specific 
immune responses 



OTHER 
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and Syncytium Formation in Human Cells by V3 Loop 
Synthetic Peptides from gpl20 
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Because V3 loop-specific antibodies have been shown to inhibit human immunodeficiency virus type 1 
(HIV-1) infection of human cells and because specific mutations in the Y3 loop render the virus ineffective for 
infection and syncytium formation, we tested the anti-HIV effects of V3 loop peptides from different HIV-1 
strains. We obtained evidence that V3 loop synthetic peptides of 8 to 15 amino acids at nanogram 
concentrations efficiently blocked HIV-1 IHB infection of several human T-cell lines and of freshly prepared 
normal human T cells. More importantly, syncytium formation by three different primary clinical HIV isolates 
was inhibited by the V3 loop peptide from HIV-1 HIB at a concentration of 1 u.g/ml. Concentrations of V3 
peptides up to 50 jig/ml were not toxic to any of the human cells studied. Additionally, V3 peptides incubated 
in normal human serum or plasma exhibited biological and physical stability for up to 24 h. Taken together, 
these results suggest that the V3 loop peptides have medical utility as therapeutic reagents to either prevent 
HIV-1 infection in humans or reduce the spread of virus infection in HIV-infected individuals. These findings 
are especially significant because a number of reports in the literature indicate that the V3 loop region in gpl20 
plays an important role in the initial stages of HIV-1 infection of cells. 



The envelope glycoprotein of human immunodeficiency 
virus type 1 (HIV-1) plays a central role in the life cycle and 
pathogenesis of the virus. It is synthesized as a precursor 
polyprotein, gpl60, which is cleaved by a host cell protease to 
generate the surface envelope glycoprotein gpl20 and the 
transmembrane glycoprotein gp41 (8, 18). Viral infection 
begins with the envelope glycoprotein binding to the CD4 
receptor on uninfected ceils. This step is followed by a critical 
second step in which the lipid bilayer of the virus fuses with the 
lipid bilayer of the target cell (16, 26). Expression of gpl20 at 
the cell surface has also been shown to induce cell-to-cell 
fusion, or syncytium formation, in appropriate cell types 
bearing CD4 (14, 25). 

Although the mechanism by which the HIV-1 envelope 
glycoproteins trigger membrane fusion is poorly understood, it 
is well established that proteolytic processing of the precursor 
gpl60 is required for HIV-1 infection of cells (8, 27). Several 
reports in the literature have shown that the V3 loop region of 
gpl20 is essential for HIV-1 infection because (i) specific 
mutations introduced into the V3 loop will inhibit infectivity 
and syncytium formation (3, 4, 9), (ii) the V3 loop region is the 
target for a trypsin-related protease on the host cell surface (6, 
11, 20), and (iii) antibodies to the principal neutralizing 
domain in the V3 loop region inhibit HIV-1 infection of cells 
without interfering with the binding of HIV-1 gpl20 to its 
cellular receptor, the CD4 molecule (10, 12, 15, 21, 23). It has 
therefore been proposed that after gpl20 present on the viral 
surface binds to the CD4 receptor on the target cell mem- 
brane, the V3 loop region in gpl20 is proteolytically cleaved by 
a cell surface protease, leading to a conformational change in 
the gpl20-gp4l protein complex on the viral surface (6, 11, 20). 
Such a chari|e is hypothesized to be responsible for exposing 
the fusogenic domain of the transmembrane protein gp4l, 
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resulting in the fusion of the viral-particle membrane with the 
cell membrane. 

Recently, Koito et al. (11) reported that synthetic peptides 
(of 24 and 36 amino acids) corresponding to the principal 
neutralizing domain of HIV-1 IIIB inhibit syncytium formation 
by interacting with a proteinase-like molecule at the cell 
surface. However, De Rossi et al. (2) reported that synthetic 
peptides (of 24 amino acids) from principal neutralizing do- 
mains of HIV-1 MN and IIIB enhanced infection of Molt-3 
cells by different HIV-1 strains, presumably through a CD4- 
dependent mechanism. We examined the effects of synthetic 
peptides from the V3 loop regions of different HIV-1 strains 
and observed that peptides of 8 to 15 amino acids exhibit 
efficient inhibition of virus infection of various human T cells 
as well as of virus-induced syncytium formation. 

We tested a 15-amino-acid synthetic peptide, designated . 
R15K, from the V3 loop region in HIV-1 IIIB for its effect on 
infection of the human T lymphoblastoid cell lines MT-4 and 
CEM by HIV-1 IIIB. In these experiments, the cells were 
pretreated with various concentrations of the peptides for 15 
min before being infected with the virus. The amount of virus 
used is equivalent to 10 infectious virus particles per cell. This 
calculation was based on endpoint dilution analysis of vims 
stock and is equal to approximately 10 times the dose required 
for maximum cytopathic effect on MT-4 cells. We measured 
the infectivity in terms of virus production by assaying for 
reverse transcriptase activity in the culture medium, after 7 days 
of infection as described by Popovic et al. (22). While infection 
of MT-4 cells was blocked by 90% at a peptide concentration 
of 150 ng/ml (0.15 jxg/ml) (Fig. 1A), as little as 8 ng/ml of R15K 
completely inhibited infection of CEM cells by HIV-1 IIIB 
(Fig. IB). The lack of cytotoxicity of R15K peptide at these 
concentrations was demonstrated in MT-4 cells by determining 
total viable cells by 3-(4,5-dimethylthialzol 2-yl)-2,5-diphe- 
nyltetrazotium bromide (MTT) dye reduction assay (1, 5) (Fig. 
1A) whereas the viability of CEM cells was estimated by trypan 
blue dye exclusion (unpublished results). Several peptides 
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TABLE 1. Amino acid sequences of synthetic peptides tested 
for inhibition of HIV infection" 
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FIG. 1. Peptide R15K inhibits infection of human T-cell lines by 
HIV-1. (A) MT-4 cells (5 x 10 4 per well) were preincubated in 
triplicate wells of a 96-well microtiter plate with various concentrations 
of the negative control peptide or R15K peptide for 15 min at 37°C and 
then infected with HIV-1 at 10 infectious particles per cell. Other 
controls included cells alone and cells infected with HIV-1 but without 
R15K. The percent reduction in the amount of reverse transcriptase 
(RT) activity in the culture medium of cells incubated with various 
concentrations of RISK was determined 7 days after infection by the 
method of Popovic et al. (22). The toxicity of R15K for the MT-4 cells 
was also determined in the same experiment by incubating the 
uninfected cells with medium alone or with various concentrations of 
R15K and calculating percent viability by the MTT dye reduction assay 
(I). (B) CEM cells (10 s per well) were seeded in a 48-well plate and 
were infected with HIV-1 at 10 infectious particles per cell in the 
presence of various concentrations of R15K. The RT activity of the 
culture medium was measured after 7 days of incubation. (C) Primary 
human T cells (10 5 per well) were incubated in triplicate wells of a 
96-well microtiter plate with medium alone, control peptide S13T, or 
various concentrations of RISK and then infected with HIV-1 at 10 



Peptide 



Source 



Amino acid sequence* 



R15K 

N24G 

R8K 

T13Q 

H13N 

F14F 

K14L 

E12K 

C15P 

S13T 

I15M 



HIV IIIB env 
HIV IIIB env 
HIV IIIB env 
HIV RF env 
HIV MN env 
HIV IIIB env 
HIV IIIB gag 
HIV IIIB pol 
HIV IIIB pol 
c-mos protb- 

oncogene 
Scrambled 

R15K 



315 RIQRGPGRAFVT1GK 329 

308 NNTRKSIRIQRGPGRAFVTIGKIG 331 

322 RAFVTIGK 329 

3,7 TKGPGRVIYATGQ 32y 

317 HIGPGRAFYTTKN 329 

215 FEPIPIHYCAFPGF 228 

28 KYKLKHIVWASREL 41 

467 ELELAENREILK 478 

2U5 CTEMEKEGKISKJGP 219 

,58 STRTPEDSNSLGT' 70 

IFPGKRTIVAGIRGM 



a Peptides were synthesized by Merrifield's solid-phase method (19), either on 
a modified Vega 250 automatic peptide synthesizer or by the bag method as 
described by Houghten (7). 

6 Amino acid sequences are according to La Rosa et al. (12). 



were used as negative control reagents in these experiments 
(Table 1), including a peptide similar to R15K but with a 
scrambled amino acid sequence (I15M), one peptide (K14L) 
from the gag gene, two peptides (E12K and C15P) from the pol 
gene, one peptide (F14F) from a different region of the env 
gene, and finally one peptide (S13T) from the c-mos proto- 
oncogene. No significant level of inhibition of HIV infection 
was observed with any of these negative control peptides. 

We also studied the ability of the R15K peptide at various 
concentrations to inhibit HIV-1 IIIB infection of primary 
human T cells. Human T cells isolated from normal donors by 
standard techniques (17) were stimulated for 72 h with phyto- 
hemagglutinin, washed three times, and resuspended at 10 /ml 
in Dulbecco's modified Eagle's medium containing glutamine, 
10% heat-inactivated fetal calf serum, and 20 U of human 
interleukin 2 (Boehringer Mannheim Biochemicals, Indianap- 
olis, Ind.) per ml. Aliquots (100 u,I) of the cell suspension were 
preincubated at 37°C for 15 min with various concentrations of 
R15K in triplicate wells of a 96-well microtiter plate. These 
cells were then infected with 10 infectious particles of HIV-1 
IIIB per cell and incubated for 9 days before being assayed for 
reverse transcriptase activity in the culture medium. RISK 
inhibited reverse transcriptase production by 50% at 0.12 
fig/ml and by 90% at 1.25 p-g/ml (Fig. 1C). R15K was not toxic 
to these cells at concentrations up to 20 n-g/ml, but at 50 jig/mi, 
50% of the cells were viable (Fig. 1C). The scrambled R15K 
peptide (U5M), when tested at different concentrations (0.01 
to 1 jig/ml) in experiments with MT-4 cells and fresh human T 
cells, showed no inhibitory effect. 

We also tested whether the R15K peptide would directly 
affect the infectivity of the virus. In these experiments, we 
preincubated the virus stock with the peptide at 1 u.g/ml for 4 
h at 37°C and subsequently pelleted the virus by ultracentrif- 
ugation according to standard protocol. The resulting virus was 
then compared with untreated virus for infection of MT-4 and 
H9 cells, and we observed no change in infectivity as measured 
by both virus-induced cytopathic effect (in MT-4 cells) and 
reverse transcriptase activity in the culture medium (unpub- 



infectious particles per cell. After 9 days, RT activity in culture 
medium was determined. The total numbers of viable cells at the end 
of 9 days of incubation in the presence of various concentrations of the 
peptide were measured by trypan blue dye exclusion. 
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TABLE 2. Effect of V3 loop peptides from different 1 1 i V- 1 strains on infection of primary human T cells by HIV- 1 
, , . Reverse transcriptase activity* with cells from subject: 



treatment 




1 








3 


Uninfected cells 


509.52 


± 


18 


118.75 


± 7 


279.44 ± 32 


Infected cells plus: 














Medium only 


5.425.30 




174 (0) 


27,142.85 


± 2.116(0) 


36.340.2 r 1,186(0) 


RISK 


407.45 




5.2 (1(H)) 


5.314,51 


± 212 (7M) 


6,940.56 ±214(81) 


N24K 


382.25 


+ 


19 (.100) 


6.690.26 


± 390 (76} 


4399.40 ± 216(89) 


R8K 


1,876.51 




44 (72) 


7,080.50 


± 215(74) 


8.971.14 ± 602(76) 


T13Q 


2.172.19 




171 (66) 


6,424.20 


± 340 (77) 


17,097.25 ± 303 (53) 


H.13N 


1,713.72 




44 (75) 


6,424.20 


± 340(77) 


19,094,55 ± 183 (48) 


S13T 


4.948.63 




178(10) 


24,824.35 


± 89 ( ( )> 


ND 



" Primary human TeelLs isolated from fresh human blootl were preiticubaied with peptides (1 jig/ml) and then infected with HIV- 1 II IB as described in the legend 
to Fig. I. 6rt day 9, reverse transcriptase activity was measured. 
* Data arc mean counts per minute ± standard emir of triplicate samples. Tlie numbers in parentheses are percent inhibition. ND, not determined. 



lished results). These results strongly suggest that the infec- 
tion-inhibitory effects of V3 peptide are not due to an adverse 
effect on the virus. 

Since R15K peptide was effective against infection of normal 
human T cells, we tested synthetic peptides T13Q and H13N. 
derived from the V3 loop regions of HIV-l RF and MN 
strains, respectively, for their ability to inhibit infection of 
primary human T cells by HIV-1 II IB. These results were 
compared with the inhibitory effects of HIV-1 MB V3 loop 
peptides of various lengths (RISK, N24G, and R8K). All the 
peptides were added to the cells at a concentration of 1 u.g/ml 
before infection with HIV-1 MB. Inhibition of virus infection 
was determined by assaying the reverse transcriptase activity in 
culture medium, and the results for cells of three different 
normal donors are shown in Table 2. The V3 loop peptides 
from HIV-l RF and MN strains inhibited HIV-1 MB infection 
by 53. to 77% and 48 tc 77%, respectively. In the same 
experiment, the control peptide SI3T did not significantly 
inhibit infection. Thus, these results indicate that V3 loop 



peptides front HIV-1 MN and RF strains exhibit cross-reactiv- 
ity in terms of infection inhibition. Another important obser- 
vation from these experiments is that while the 24- and 
15-amino-acid peptides (N24G and R15K. respectively) from 
the V3 loop region of HIV-1 IIIB produced 76 to 100% 
inhibition. R8K also inhibited HIV-l IIIB infection of primary 
human T cells by 72 to 76%. These results clearly indicate that 
the HIV infection-inhibitory property of the V3 loop peptides 
from HIV-l IIIB is within this 8-amino-acid region. 

In order to further confirm the HIV in feet ion- inhibitory 
effect of the 8-amino-acid V3 loop peptide, R8K, we tested 
infection of four different human T-cell lines by using this 
peptide at 1 p^/ml. We observed that the R8K peptide was 
effective in inhibiting HIV-1 IIIB infection of H9 cells by 82%, 
OEM cells by 85% r MT-4 cells by 88%, and VB cells by 87% as 
measured by determining the reverse transcriptase activity in 
the culture medium after 7 days of infection. Additionally, we 
performed Western blot (immunohlot) analysis to detect p24 
protein in these cell lines after infection in the presence or 
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FIG. 2. (A) Western blot analysis of inhibition of expression of HIV-l $ug proteins p55 and p24 by peptide R*SK in different human T-cell lines. 
Total cell lysates of various cell lines infected with HIV-l IITB after pretreatment with peptide RSK at l ^-ml or no pretreatment were separated 
on a 10% polvacrylamide gel. transferred to a nitrocellulose filter, and treated with a I/200 dilution of serum from an HIV-seropositive AIDS 
patient and 12 Mabeled protein A, Molecular weight markers (in thousands) are shown on the right, and various HIV-l protein bands are indicated 
on the left. Samples in lanes I to 4 were cell lysates of H<>. CEM, VB, and MT-4, respectively, infected with HIV-I UIB in the absence of peptide 
RSK. white lanes 5 to 8 are cor respond inn cultures infected in the presence of RSK. Percent inhibition of reverse transcriptase (RT) activity by 
RSK in each of the cell tines is indicated.^ B) Western blot analysis of extracts from H9. CEM. VB. and MT-4 cells (lanes 9 to 12, respectively) 
without virus infection and peptide pretreatment. The experimental method was similar to that described for. panel A. 
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absence of R8K at i u.g/ml. Nine days postinfection, the cell 
extracts were prepared and separated on 10% polyacryiamide 
gels. The proteins transferred onto nitrocellulose filters were 
reacted with serum from an HIV-positive AIDS patient and 
'~I-labeled protein A, and the results are presented in Fig. 2. 
It is clear from the data that, concurrent with the inhibition of 
reverse transcriptase in these eel! lines, there is also inhibition 
of p55 and p24 formation. These results, along with the data 
from Table 2 showing inhibition of infection of human T cells 
isolated from three different healthy donors, indicate that the 
effective amino acid sequence is contained within the RSK 
peptide. Analyses of shorter peptides and of peptides with 
single-amino-acid changes should provide further understand- 
ing of the mechanics of the role of the V3 peptides in the 
inhibition of HIV-1 infection of human cells. 

Since V3 loop peptides from three HIV- 1 strains exhibited 
inhibition of HIV-1 If IB infection of human T cells (Table 2), 
wc tested their effects on syncytium formation. For these 
experiments, HeLa-CD4 cells were infected with control vac- 
cinia virus (vSC8) or vaccinia virus recombinants that express 
gpl60 from the II IB (vPE16) or RF (vRF222) strain of HIV-1 
(all reagents were obtained through the AIDS research and 
reference reagent program of the National Institute of Allergy 
and Infectious Diseases), HeLa-CD4 cells were plated at a 
density of l(f per well of a six-well Mai-bottom plate (Costar 
no. 35*06) and allowed to grow for 40 h at 3TC, at which time 
the cell monolayer was 80% confluent. Various control or V3 
loop peptides at a concentration of 1 u.g/ml in 1 ml of medium 
were added to the monolayers and incubated for 30 min at 
37°C. The peptide solutions were removed, and cell monolay- 
ers were washed three times with complete medium. Subse- 
quently, vaccinia virus stocks appropriately diluted to obtain a 
multiplicity of infection at 100 in a total volume of I ml were 
added, and incubation was continued for an additional 2 h. At 
this time, the vaccinia virus inoculum was replaced with 3 ml of 
fresh medium, and cultures were incubated for 18 h. At the end 
of the incubation period, syncytia were observed under the 
microscope at a magnification of X 100 and photographed. 
While HeLa-CD4 cells preincubated either with medium alone 
or with peptide before infection with control vaccinia virus 
showed no syncytia (Fig. 3A and D), cells not preincubated 
with peptide when infected with vaccinia virus recombinant 
vPE 16 or vRF222 resulted in formation of 80 to 90 syncytia per 
well of a six-weil plate (Fig. 3B and C. respectively). Efficient 
inhibition of syncytium formation was observed in cells pre- 
t re a ted with peptides RISK (100% inhibition, no syncytia) and 
T13Q (80 to 90% inhibition, 8 to 16 syncytia) before infection 
with recombinant vaccinia viruses vPE16 and vRF222, respec- 
tively (Fig. 3E and F). These experiments were repeated at 
least three times, and each time similar results were obtained 
with less than 5% difference in numbers of syncytia with 
various treatments. Thus, V3 loop peptides from HIV- 1 1MB 
and RF proved effective for inhibition of syncytium formation 
in cells expressing envelope protein from the respective HIV- 1 
strain. 

We also tested the effectiveness of RISK peptide against 
syncytium formation by different primary clinical HIV-1 iso- 
lates referred to as R006, R042. R043, and R086 (obtained as 
very early passage of VB cell culture medium from Miles 
Cloyd. University of Texas Medical Branch. Galveston). HeLa- 
CD4 cells infected with primary isolates R006, R042, and R043 
exhibited 25 to 30 syncytia per well of a six-weil plate (Fig. 4 A, 
B. and C), while cells treated with RISK at a concentration of 
I u.g/ml showed no syncytium formation (100% inhibition) by 
these clinical HIV-l isolates (Fig. 4D. E, and F). However, 
although syncytia were observed with isolate R086 (28 to 30 



CONTROL HIV-IIIB HIV-RF 




FIG. 3. Inhibition of syncytium formation by V3 loop peptides. 
Monolayers of HeLa-CD4 cells were incubated with medium alone (A. 
B, and C), medium containing RISK (D and E\ or T13Q (V3 peptide 
from HIV-i RF) (F) at I m/ml for 30 min at 37°C. The cell 
monolayers were washed before infection with control vaccinia virus 
(vSGS) (A and D) or recombinant vaccinia virus expressing gp 1 60 from 
HIV-1 strain MB (vPElfi). (B and E) or RF (vRF222) (C and F). 
After 18 h of incubation, cells were observed for syncytia (arrows) 
under the microscope at X 100 magnification and photographed. Final 
magnification. x90. 



per well), no inhibitory effect was observed (2H to 30 syncytia 
per well; unpublished results) with this V3 loop peptide 
(RISK) at the concentration tested. Thus, the V3 loop peptide 
RISK was effective not only against laboratory isolates of 
HIV-l but also against three of four clinical isolates for 
inhibiting syncytium formation. These data strongly suggest 
that the inhibitory effects observed with RISK and other V3 
loop peptides are not limited to blocking HIV-i infection of 
cells, as RISK can inhibit the fusion of CD4-expressing normal 
cells with HIV-infected cells expressing the envelope protein, a 
phenomenon suggested to be responsible for HlV-indueed 
pathology in AIDS patients (13, 14, 25, 27). 

These results are in agreement with those of Koito et al. 
(1 1). who reported that synthetic peptides (of 24 and 36 amino 
acids) corresponding to the major HIV- 1 1IIB neutralizing 
epitope of the V3 loop of gpl20 (amino acids 303 to 338) 
inhibited syncytium formation between the HIV-1 -infected 
CCRF-CEM and uninfected Molt -4 cells in a dose -dependent 
manner. However, in their studies, the 36-ami no-acid peptide 
was effective at a concentration of 10U u.M (approximately 300 
M-g/ml) wm * c lnc 24-amino-acid peptide (amino acids 308 to 
331) was required at a concentration of 300 p.M (approximate- 
ly 720 (jig'ml) to achieve the same level of inhibition of 
syncytium formation. However, neither of these peptides was 
tested by these authors for its capacity to inhibit HI V infection 
of cells. On the other hand, in our studies, wc observed SO to 
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FIG. 4. R15K inhibits syncytium formation by primary clinical 
HIV- 1 isolates. Monolayers of HeLa-CD4 cells were incubated with 
medium alone (A. B, and C) or medium containing KI5K at I \Lg!m\ 
(D. E, and F) for 30 min at 3?*C. The cell monolayers were washed 
before infection with primary clinical Isolates of HIV- 1 R006 (A and 
D), R(W2 (B and E), and R043 (C and F). After 72 h of incubation, 
cells were observed under the microscope for syncytia (arrows) at 
x 100 magnification and photographed. Final magnification, x78. 

100% inhibition of syncytium formation in HeLa-CD4 cells at 
much lower concentrations (i u.g/ml or less) of V3 loop 
peptides from two different HIV- 1 strains. At this time, we do 
not know the reason for this discrepancy between our results 
and those of Koito et al. (II) regarding effective concentra- 
tions of V3 peptides for inhibition of syncytium formation. 
However, in a subsequent publication from the same group it 
was shown that a 15-amino-acid peptide exhibited strong 
inhibition of HIV- 1 UIB-induced syncytium formation at only 
I u.M (6). This peptide was from trypstatin, a protease 
inhibitor which exhibits 40% sequence homology to the 15- 
amino-acid V3 loop peptide designated RISK in our studies. 
These results suggest that the length of the peptide and the 
additional amino acid sequence are important in determining 
the effective inhibitor)' concentration of V3 loop peptides. 

However, both the results presented here and those of Koito 
et a I. (11) are different from the results reported by De Rossi 
et al. (2). who observed that synthetic peptides 24 amino acids 
in length from V3 loop regions of HIV- 1 NIB and MN strains 
enhanced infection of Molt-3 cells by different HIV- 1 strains 
through a CD4-dependenr mechanism. In their experiments, 
the V3 loop peptide front HIV- 1 MN showed significant 
enhancement of infection of Molt-3 cells by the homologous 
virus strain at concentrations ranging between 5 and 20 u.M 
(approximately 12 to 48 uaj/ml). In the same study, a 24-amino- 
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FIG. 5. Biological stability of RISK peptide in fetal calf serum. 
RISK was incubated at 37°C in fetal calf serum at a concentration of 
1 00 jig/ml for 24 h. At different time intervals, alkjuots of peptide 
corresponding to I ^g/nil (final concentration) were added to MT-4 
cells in a 96- well microtiter plate. After 15 min of incubation with 
peptide, the cells were infected with HIV-l as described in the legend 
to Fig. I. Seven days after infection, the total number of viable cells 
was determined by the MTT dye reduction assay (t). and RT activity 
in (he culture medium was assayed by the method of Popov icet al. 
(22). The controls included cells incubated in medium alone with and 
without virus infection and cells infected with virus and incubated with 
RI5K peptide that was not prcincubated in fetal calf serum. The 
results are expressed as percent cell viability or percent reverse 
transcriptase (RT) activity in MT-4 cells that were infected with HIV- 1 
in the absence of R!5K. 



acid peptide from the HIV-l U1B strain less efficiently en- 
hanced infection by strain II1B while a homologous peptide 
from strain RF was completely ineffective. More importantly, 
in these studies, a 10-amino-acid peptide corresponding to the 
middle portion (10 amino acids) of the HIV- 1 MB V3 loop did 
not show enhancement of infection. This 10-amino-acid pep- 
tide is completely homologous to the C-terminal portion of the 
R15K peptide in our studies (and the sequence of the R8K 
peptide also overlaps with this peptide). It is difficult to 
reconcile our findings with those of De Rossi et al. (2), 

In order to gain some understanding of the stability of the 
inhibitory activity of V3 peptides, we incubated the RISK 
peptide in fetal calf serum at 37°C. At different intervals during 
the incubation, aliquots at a final concentration of I (xg/ml 
(approximately 0.6 p.M) were tested for inhibition of HIV-l 
infection of MT-4 cells. At the end of the 7-day incubation, 
period, both celt viability and the amount of reverse tran- 
scriptase present in the culture medium were measured (Fig. 
5). It is clear that R15K retained its full-strength inhibitory 
activity for as long as 4 h of incubation in serum. Even after 24 
h of incubation, R15K retained 50% of its inhibitory activity. 
We obtained similar results with the V3 loop peptide from 
HIV-l MN incubated in either fetal calf serum or human 
serum (unpublished results). The retention of efficient inhibi- 
tory effect at these relatively low concentrations bodes well for 
the use of RI5K and other V3 loop peptides as therapeutic 
reagents. Additionally, we observed that V3 loop peptides 
incubated in human serum or plasma retained both physical 
stability (as measured by high-pressure liquid chromatography 
analysis) and biological activity (unpublished results). 

In view of the clinical importance of HIV 7 in AIDS/ numer- 
ous attempts to develop effective therapeutic reagents have 
been made in recent years. Most of these approaches were 
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based on the rationale that virus-specific enzymes such as HIV 
reverse transcriptase should be suitable targets. Our results 
provide support for potential therapeutic application of V3 
loop peptides because they not only are capable of blocking 
HIV infection of a number of human cell lines and of primary 
human T cells isolated from fresh healthy human blood 
samples but also inhibit cell-to-cell spread of HIV. Also, the 
V3 loop peptides as a mixture could provide the added 
advantage of being an immunotherapeutic reagent because, as 
we recently demonstrated in case of R15K (24), they are 
capable of inducing HIV- 1 -specific cytotoxic T-lymphocyte 
responses that can effectively kill virus-infected cells. Thus, V3 
loop peptides have the potential to be medically useful both to 
block viral spread and HIV-induced pathology and to increase 
specific cytotoxic T lymphocytes for destruction of virus- 
jnfected cells. 
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Potent suppression of HIV-1 replication in humans by T-20, 
a peptide inhibitor of gp41 -mediated virus entry 
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T-20, a synthetic peptide corresponding to a region of the transmembrane subunit of the HIV- 
1 envelope protein, blocks cell fusion and viral entry at concentrations of less than 2 ng/ml in 
vitro. We administered intravenous T-20 (monotherapy) for 14 days to sixteen HIV-infected 
adults in four dose groups (3, 10, 30 and 100 mg twice daily). There were significant, dose-re- 
lated declines in plasma HIV RNA in all subjects who received higher dose levels. All four sub- 
jects receiving 100 mg twice daily had a decline in plasma HIV RNA to less than 500 copies/ml, 
by bDNA assay. A sensitive RT-PCR assay (detection threshold 40 copies/ml) demonstrated 
that, although undetectable levels were not achieved in the 14-day dosing period, there was a 
1.96 log 10 median decline in plasma HIV RNA in these subjects. This study provides proof-of- 
corj£fipt that viral entry can be successfully blocked in vivo. Short-term administration of T-20 
seems safe and provides potent inhibition of HIV replication comparable to anti-retroviral regi- 
mens approved at present. 



The therapies now approved for human immunodeficiency 
virus type 1 (HIV-1) infection inhibit one of two viral-specific 
enzymes, reverse transcriptase or protease 1 . Although several 
combination regimens targeting these enzymes have consider- 
able anti-retroviral activity 2 "*, many patients are either intoler- 
ant of available agents 5 6 or develop virologic failure because of 
incomplete viral suppression and the emergence of drug-resis- 
tant virus strains 78 . Thus, development of new classes of anti- 
retroviral compounds with different mechanisms of action and 
toxicity profiles is an important goal. 

The HIV-1 envelope glycoprotein consists of two noncova- 
lently associated subunits, a surface glycoprotein (gpl20; SU) 
and a transmembrane glycoprotein (gp41; TM). Portions of 
gpl 20 bind to the CD4 receptor as well as to one of the recently 
characterized chemokine coreceptors on target cells 9 . After the 
gp!20-CD4-coreceptor binding, the gp41 subunit undergoes a 
conformational change that promotes fusion of viral and cellu- 
lar membranes, resulting in entry of the viral core into the cell, 
transport to the nucleus and, ultimately, proviral integration 
and expression 10 . 

Two regions of HIV gp4 1 contain consensus motifs predic- 



tive of hydrophobic alpha-helices 11 12 , These two 'heptad re- 
peat' sequences have been modeled with synthetic peptides, 
DP 107 and DP 178, which were found to associate in a 'coiled- 
coil' secondary structure 13 " 17 . Recent crystallographic studies of 
gp4 1 fragments show that the two heptad repeat domains form 
a helical bundle containing three members (a trimer) of each 
domain 101819 . Studies involving these heptad repeat sequences 
suggest they have a role in the conformational changes essen- 
tial for membrane fusion of HIV-1 with host cells 2021 . This 
process (Fig. 1) has been compared to the 'spring-loaded' mech- 
anism described for influenza virus in which hemaglutinin 
changes from a loop structure to an extended coiled-coil, mov- 
ing a 'fusion peptide' into a favorable position for membrane 
fusion to occur 2223 . The synthetic peptide mimics (DP 107 and 
DP 178) inhibit infection in vitro by disrupting the gp4 1 confor- 
mational changes associated with membrane fusion' 7 21 24 ~ 26 . A 
36-amino-acid peptide, corresponding to DP 178 and called T- 
20, was found to be a particularly potent inhibitor of HIV-1 in 
T-cell lines (50% inhibitory concentration (IC 50 ) = 1.7 
ng/ml) (ref. 24). This agent was proposed as a promising fore- 
most compound for a new class of antiviral drugs". 
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Table 1 Baseline characteristics of subjects 
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3 mg 


10 mg 


30 mg 


100 mg 


Total 




("=4) 


(n=5) 


(n=A) 


(A7=4) 


(n=17) 


Median age. 


37 


37 


36 


33 


36 


years (range) 


(25-47) 


(30-40) 


(25-48) 


(30-36) 


(25-48) 


Gender, 


4:0 


4:1 


4:0 


4:0 


16:1 


maleifemale 












Race, 


1:3 


2:3 


3:1 


2:2 


8:9 


Black:White 












Previously 


^•1 
o. i 


5:0 


1:3 


1:3 


10:7 


treated: Treatment naive 












Median days since 


15 


36 


30 


150 


33 


previous therapy 


(14-40) 


(15-210) 






(14-210) 


Median plasma HIV 


4.86 


5.45 


4.76 


3.83 


4.77 


RNA by bDNA, log 10 


(4.41-5.19) 


(4.23-5.78) 


(4.25-5.71) 


(3.63-4.82) 


(3.63-5.79) 


(range) 












Median absolute 


200 


279 


440 


257 


212 


CD4* cells/ul blood 


(112-350) 


(105-444) 


(23-774) 


(103-658) 


(23-774) 


(range) 













Preliminary safety and pharmacokinetic studies in animals 
have indicated that intermittent intravenous T-20 dosing could 
maintain plasma levels substantially higher than the viral in- 
hibitory concentration (T. Venetta, unpublished data). Here we 
report the results of the first clinical trial, to our knowledge, ex- 
amining the safety, pharmacokinetics and anti-retroviral activ- 
ity of T-20 administered intravenously to HIV-infected humans. 

Baseline characteristics 

We assessed the baseline characteristics of all 17 subjects en- 
rolled in our study (Table 1). Seven patients had not previ- 
ously received anti-retroviral therapy and ten had received 
anti-retroviral therapy before the study. One subject (in the 
10-mg dose group) dropped out of the study on day 1 (for per- 
sonal reasons); thus, another subject was added to the 10-mg 
dose group before subjects were enrolled in the higher dose 
groups. Four subjects in each of the four dose groups (total, 



sixteen subjects) completed the 
protocol. The median time off of 
therapy for the ten previously 
treated patients was 33 days (range, 
14-210 days). The median baseline 
plasma HIV RNA by bDNA assay 
and CD4 cell counts of the overall 
study population were 58,884 (4.77 
log 10 ) copies per ml and 212 cells 
per ml, respectively. 



Safety and tolerability 

Four subjects in each treatment 
group completed the protocol pe- 
riod as planned except for one sub- 
ject (10-mg dose group) who left 
the hospital for one day (day 11) 
and missed two doses of T-20. No 
patients were withdrawn from 
study because of adverse events or 
toxicity. Four subjects had tempera- 
ture elevations during the study. 
The only episodes of fever with 
temperatures greater than 38.6 °C could have been caused by 
other clinical events (community-acquired pharyngitis in one 
subject and phlebitis at the intravenous catheter site in an- 
other). One subject in the 3-mg dose group, one in the 30-mg 
dose group and two in the 100-mg dose group had isolated 
episodes of mild-to-moderate headaches; an association with T- 
20 administration was possible. Transient symptoms noted for 
which a relationship to T-20 was unclear included mild or 
moderate pain in the extremities (number of subjects with this 
symptom (n) = 3), lymph node tenderness or swelling (n = 2), 
subtle skin discoloration {n = 1), dizziness {n = 1), and chest 
pain {n = 1), There were no clinically relevant alterations in 
chemistry or hematologic studies during this trial. 

Pharmacokinetic measurements 

We determined the median pharmacokinetic parameters in each 
of the dose groups (Table 2). The median t 1/2 of T-20 was 1.83 



a b c 

. , r y Fig. 1 Proposed mechanism of T-20 action, a, 




The HIV-1 envelope glycoproteins consist of sur- 
face (gp120; SU) and transmembrane (gp41; TM) 
components. The fusion peptide is in an unex- 
posed position when TM is in the native, non-fu- 
sogenic conformation, b, After gp120 binds to a 
CD4* target cell, TM changes conformation, 'un- 
folding' by a hinge mechanism, and the fusion 
peptide extends away from the viral surface, in- 
serting into the target cell membrane and forming 
a 'pre-hairpin intermediate' (ref. 49). c, TM re- 
solves into a fusion-active hairpin structure, 
pulling the cell and viral membranes into close 
proximity, and allowing fusion and viral entry to 
occur, d, When T-20 is administered, the drug 
binds to the highly conserved hydrophobic 
groove of the heptad repeat portions of TM that 
normally mediate the conformational change 
from pre-hairpin intermediate to fusion-active 
hairpin. This prevents membrane apposition, fu- 
sion, and virus entry. 
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Table 2 Pharmacokinetic measurements: Median (ranges) values after the first (single dose) 
and seventh (steady-state) intravenous doses of T-20 







j my 


1 0 mg 


30 mg 


1 00 mg 


Maximum observed 


single-dose* 


0.37 (0.31-0.84) 


1.61 (1.14-3.10) 


5.37 (4.04-7.51) 


18.30 (17.39-25.93) 


rnnranfratinn ( tt rt / m \\ 
LUNLcMLIdUUN Ifiy/IIHJ 


ctooH\/_ct a t a * 
SlcdUy-aldlc 


u.jj yyj.'j i — u. / 0) 


1 57 ri n?_? 17\ 


£ KG. (A QQ 1ft 1 


9n A7 MQ 10 OA C9\ 


Maximum theoretical 


single-dose' 


0.45 (0.37-0.79) 


1.97 (1.24-3.38) 


6.25 (4.88-8.04) 


21.23 (19.82-31.72) 


concentration (jig/ml) 


steady-state* 


0.43 (0.37-0.61) 


1.81 (1.16-3.09) 


6.82 (5.60-10.82) 


24.10(23.34-28.85) 


Area under 


single-dose* 


1.19 (0.79-8.73) 


4.41 (3.37-9.29) 


15.92(10.83-31.51) 


51.70 (48.55-77.05) 


curve (jig/hr per ml) 


steady-state* 


1.11 (0.97-4.62) 


4.89 (2.54-10.39) 


16.39(11.87-34.84) 


64.43 (48.28-103.12) 


Trough concentration 


single-dose* 


0.02 (0.01-0.13) 


0.01 (0.004-0.03) 


0.04 (0.01-0.07) 


0.05 (0.02-0.07) 


(ug/mi) 


steady-state* 


0.02 (0.002-0.14) 


0.05 (0.02-0.37) 


0.32 (0.16-0,70) 


1.02 (0.92-2.86) 


Half-life of T-20 


single-dose 


1.84 (1.50-7.68) 


1.69 (1.54-2.29) 


1.77 (1.54-2.72) 


1.68 (1.54-1.87) 


(hr) 


steady-state 


1.81 (1.75-5.28) 


1.91 (1.51-2.33) 


1.75 (1.22-2.23) 


1.85 (1.43-2.48) 


Volume of 


single-dose 


6.71 (3.82-8.20) 


5.08 (2.97-8.09) 


4.81 (3.73-6.14) 


4.71 (3.15-5.05) 


distribution (liter) 


steady-state 


7.01 (4.96-8.08) 


5.66 (3.24-8.60) 


4.40 (2.77-5.00) 


4.15 (3.46-4.29) 



P< 0.01; Kruskal-Wallis Test. 



hours, which was relatively stable over time and across all dose 
groups. The median trough concentration of T-20 at steady-state 
for patients in the 100-mg dose group was 1.02 |ig/ml, which is 
substantially higher than the in vitro inhibitory concentration of 
the drug (IC 50 = 1.7 ng/ml)(ref. 24). 

Measurements of anti-retroviral activity 

There was a significant decline in the level of plasma HIV RNA 
from day 1 to day 15 of the study when all 16 subjects were con- 
sidered together (the median change for all dose groups com- 
bined was -0.39 log| 0 ; P < 0.05). We determined the median 
change in plasma HIV RNA level from baseline for the duration 
of the study for each treatment group (Fig. 2). There was a signif- 
icant difference between dose groups with respect to HIV RNA 
levels over time (P< 0.001), indicating a dose-response relation- 
ship between the amount of drug administered and the antiviral 
effect. As predicted from pharmacokinetic studies in animals, 
the 3-mg and 10-mg dose groups had minimal, if any, changes in 
HIV RNA levels (-0.08 log 10 and -0.05 log 10 , respectively) . The 30- 
mg dose group had a median decline of -0.62 logio over the 14 
days of intermittent therapy, and in the 100-mg dose group, all 

Effect of T-20 treatment on viral load 




Fig. 2 Median plasma viral load changes from baseline for subjects in all 
four dose groups: Filled circle, 3 mg; open triangle, 10 mg; filled square, 30 
mg; open diamond, 100 mg. Shaded bar, T-20 treatment period. There 
was a significant difference from baseline on day 15 for all groups (P < 
0.05), as well as for the 100-mg dose group considered alone (P < 0.05). 
Viral loads measured by bDNA assay 45 - 46 . 



four patients had a decline in HIV RNA levels below the detec- 
tion limit of the bDNA assay (500 copies per ml) . These samples 
were re-tested using an ultrasensitive PCR-based HIV RNA assay 
(Fig. 3). The median change in plasma viral load in these patients 
was - 1 .96 log 10 by day 1 5 of the study, at which time the absolute 
plasma viral RNA levels were 320, 647, 1 197 and 1721 copies per 
ml for patients A-D, respectively. 

We summarized the changes in plasma HIV RNA and CD4+ 
lymphocyte counts for all 16 patients who completed the study 
assessments (Table 3). There was a statistically significant decline 
in plasma viral RNA between day 1 and day 15 for the 100-mg 
dose group, whether the bDNA or the ultrasensitive PCR assay 
was used {P< 0,05 for both assays). Plasma viral load in this dose 
group rebounded to near-baseline levels (median 3.73 log, 0 HIV 
RNA copies per ml, by bDNA assay) a week after T-20 treatment 
was stopped (day 21). There was a relatively wide variation in 
CD4 lymphocyte counts in all dose groups between baseline and 
day 15, ranging from a decrease of 104 cells to an increase of 177 
cells. No statistically significant changes in absolute CD4 counts 
were observed over the 2-week period of study. 

Viral dynamics 

The substantial declines in plasma virus in the 100-mg dose 
group warranted a kinetic analysis of virus decline, and by infer- 
ence, an estimation of the relative antiviral efficacy of the T-20 
agent compared with other anti-retrovirals. The kinetics of the 
initial phase of virus elimination was evaluated during the first 
week of treatment as described 27 " 29 . There was remarkable unifor- 
mity (0.48-0.56) in the viral decay slopes of the four patients 
treated with the 100 mg dose. These rates correspond to a com- 
posite half-life of 1.4 +/- 0.1 days for plasma virus and virus-pro- 
ducing cells. The magnitude of virus decline during the first 
phase of elimination was also quite uniform, amounting to a me- 
dian of -1.52 log 10 on Day 8. By day 15, the median reduction in 
virus load was -1.96 log 10 (Fig. 3). 

Discussion 

This study describes the safety, pharmacokinetics, and anti- 
retroviral activity of T-20, a new synthetic peptide that blocks 
HIV-1 gp4 1 -mediated membrane fusion. This was a Phase I/IIB, 
open-label trial involving 16 subjects treated for a 2-week pe- 
riod. There were no significant drug-related side-effects, and 
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Effect of T-20 treatment on viral load 
individual patients treateed with lOOmg T-20 
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Fig. 3 Plasma viral load changes from baseline for the four subjects in the 
1 0O-mg dose group (P < 0.05 for difference from baseline on day 1 5) . Filled 
circle, patient A; open triangle, patient B; filled square, patient C; open dia- 
mond, patient D. Shaded bar, T-20 treatment period. Viral loads measured 
by ultrasensitive PCR assay 47 . 



the anti-retroviral activity of the agent was unequivocal and of 
substantial magnitude (-1.96 log l0 reduction in plasma viral 
load at the highest dose level). This study thus represents the 
first clinical demonstration, to our knowledge, that selective 
inhibition of HIV- 1 fusion and entry in humans can lead to bi- 
ologically significant reductions in plasma virus load. The find- 
ings provide proof-of-concept for new therapeutics targeting 
this essential step in the life-cycle of HIV and other fusogenic, 
enveloped viruses. 

The magnitude and kinetics of virus decline indicate that the ef- 
ficiency of suppression of denovo virus infection by T-20 is compa- 
rable to that achieved with anti-retroviral treatments available 
now 2 ' 4 27 - 31 . Here, administration of T-20 led to a fall in plasma HIV 
RNA of about 2 log 10 (99%) with a half-life of 1.4 ± 0.1 days. The 
slope of virus decline is a measure of the anti-retroviral potency of 
a drug 32 33 ; a more potent drug should lead to a faster decline. 
Monotherapy with protease inhibitors has resulted in viral decay 
half-lives of 1.8 ± 0,9 days 27 , 2.1 ± 0.4 days 28 , and 1.6 ± 0.6 days 30 
for productively infected cells. Triple-drug therapy using two re- 
verse transcriptase inhibitors and one protease inhibitor led to a 

half-life of 1.1 ± 0.4 days 34 . 

Even studies involving 
drug- naive patients treated 
with four-drug regimens of 
highly active anti-retroviral 
therapy (saquinavir, riton- 
avir, zidovudine and 
lamivudine; amprenavir, 
abacavir, zidovudine and 
lamivudine) showed slopes 
of plasma virus decline of 
0.43/day and 0.44/day. re- 
spectively, corresponding 
to composite plasma virus 



and productive cell half-lives of 1.72-1.80 days (D. Ho, personal 
communication and abstract S49, 5th Conference on Retroviruses 
and Opportunistic Infections, Chicago, Illinois, 1998). 

Our findings indicate that over a 2-week treatment period, 
the efficacy of T-20 in blocking de novo virus infection is com- 
parable to that of protease and RT inhibitors. After 14 days of 
therapy, virus was still detectable in the plasma of each patient, 
even those receiving the highest dose of T-20. This observation 
is analogous to the results with the highly active combination 
regimens now available, for which the time necessary to 
achieve plasma HIV RNA levels less than 25-50 copies per ml is 
typically longer than 12 weeks 3134 . The similarity, in kinetics 
and the magnitude of virus decline, between T-20 and agents 
now available demonstrates that they are equally accessible to 
the principal sites of virus replication responsible for sustaining 
steady state plasma virus loads, which are prognostically very 
important. 

Other strategies have been pursued in an attempt to inhibit 
viral entry. Sulfated polyanions. such as dextran sulfate or he- 
parin, inhibit HIV infection in vitro apparently because of non- 
specific interference with HIV glycoprotein binding to 
lymphocytes 35 36 . However, studies of dextran sulfate in hu- 
mans demonstrated substantial toxicity and resulted in para- 
doxical increases in virus load 37 . Soluble CD4 and CD4-IgG 
also effectively inhibit HIV replication in vitro™, but clinical 
trials of these agents did not demonstrate consistent anti- 
retroviral activity 39 " 41 . These shortcomings may have been due 
to differences between laboratory-adapted and primary iso- 
lates of HIV- 1 or the presence of factors in plasma that inhibit 
the activity of these agents in vivo, or they may relate to the 
binding of gpl20 to secondary cellular HIV-1 receptors in ad- 
dition to the CD4 receptor. Strategies aimed at blocking the in- 
teraction of HIV-1 gp!20 with the CXCR4 chemokine receptor 
(which preferentially binds to syncytium-inducing viral iso- 
lates associated with advanced or rapidly progressive HIV in- 
fection) were promising in preliminary in vitro studies 42 43 . Our 
results with T-20 provide additional support for exploring 
agents that target membrane fusion and virus entry; future in- 
vestigations will be further aided by recent detailed characteri- 
zation of the viral envelope glycoprotein structure and 
binding characteristics 9 . 

The development of a suitable outpatient drug delivery sys- 
tem for T-20 could result in substantial clinical benefit as a re- 
sult of inhibiting this additional step in the viral life cycle. 
Despite the promising anti-retroviral activity in this trial, the 
complexities involved in developing a suitable oral formula- 
tion for peptide-based agents may initially limit the widespread 
clinical application of T-20. Studies with insulin, another par- 



Table 3 Effects of T-20 treatment 



Dose group 
3 mg (bDNA) 
10 mg (bDNA) 
30 mg (bDNA) 
100 mg (bDNA) 
100 mg (PCR) 



Viral toad 

Day 1 viral load Median change on day 1 5 
(log 10 ; range) 



(median log 10 ; range) 
4.86 (4.41,5.19) 
5.45 (4.23, 5.78) 
4.76(4.25,5.71) 
3.83 (3.63, 4.82) 
4.74 (4.45, 5.05) 



CD4 counts 
Entry* CD4 count Median change 
(median cells/fil; range) 



-0.08 (-0.40, +0.11) 
-0.05 (-0.21, +0.31) 
-0.62 (-0.77, +0.53) 
-1.1 4 be (-2.13, -0.93) 
-1.96 c (-1.97.-1.45) 



222(144,392) 
324(125,463) 
400 (115, 814) 
267 (119, 589) 



on day 15 (range) 

-27 (-93, +4) 
+24 (-104, +177) 
-11 (-40, +46) 
+80 (-13, +109) 



•Mean of screening and day 1 values "All values less than 500 copies/ml on bDNA assay 'Difference from baseline, P < 0.05 
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enterally administered protein, have demonstrated controlled 
plasma pharmacokinetics and improved clinical outcomes 
when the drug is delivered by continuous subcutaneous ad- 
ministration 44 . The pharmacokinetic profile of T-20 (plasma 
t 1/2 , 1.7-2.0 hours) indicates that either intermittent or contin- 
uous parenteral administration may be possible. Larger, multi- 
center, randomized trials are in development. These studies 
will evaluate the safety, pharmacokinetics and antiviral activ- 
ity of T-20 when it is given by continuous subcutaneous infu- 
sion as a component of a 'rescue regimen' for patients who 
have had virologic failure while receiving anti-retroviral thera- 
pies now available. HIV isolates with reduced susceptibility to 
T-20, derived from serial in vitro viral passage in the presence of 
the compound, have been characterized 26 . Further clinical 
studies are underway to assess the potential for selection of 
variants resistant to T-20 in vivo as well as the possibility that 
anti-T20 antibody responses could alter the efficacy of the 
compound. Nonetheless, blocking of membrane fusion and 
viral entry by T-20 establishes a new class of antiviral therapy 
that exhibits potent activity in vivo and is unlikely to be cross- 
resistant with currently available agents. 

I 

6 Methods 

3 Study patients. Adult HIV-infected subjects were screened at the 
c University of Alabama at Birmingham (UAB) 1917 Clinic, and were eligible 
c for this study if they had at least two viral load determinations of 1 0,000 or 
™ more copies of HIV-1 RNA per ml of plasma as determined with the 
| branched-chain DNA assay (Chiron, Emeryville, California)"- 46 ; a CD4 
count greater than or equal to 100 cells per mm 3 ; and either never re- 
s' ceived anti-retroviral therapy or had discontinued all anti-retroviral ther- 
apy at least 14 days before starting the medication for this study. Patients 
o were excluded if they had a poor clinical status (Karnofsky score less than 
~ 80%), clinically unacceptable screening hematologic or blood chemistry 
•£f results, or signs of an active opportunistic infection or invasive neoplasm . 

All subjects provided informed consent for participation in the study which 
< was approved by the UAB institutional review board. 
S? 

« Study design and patient evaluation. This study was a single-site, open- 
35 label, dose-escalation trial of single-agent therapy with intravenous T-20 
§5 administered in the General Clinical Research Center (GCRC) in-patient unit 
^ at UAB. We planned to study four patients at each dose level (3 mg, 10 mg, 
<i 30 mg and 100 mg, all twice daily) and add as many as four more patients 
at any dose level if significant toxicity or intolerance were encountered. 
Two baseline viral load determinations and two CD4 counts were obtained 
during the 30-day screening period. All patients who were receiving anti- 
retroviral therapy before the trial underwent a 'washout' phase lasting at 
least 1 4 days. Each patient received a single intravenous infusion of T-20, at 
his or her respective dose level, 3 days before beginning the 2-week daily 
dosing schedule (day -3). This initial test dose was used for preliminary 
safety and pharmacokinetics assessments. On day 1, patients began inter- 
mittent T-20 infusions, for 20 minutes every 12 hours for 14 consecutive 
days (days 1-14). Vital signs, physical examinations, blood chemistries, and 
complete blood counts were monitored during the study. Blood for viral 
load determinations was obtained on days -1 4, -3, 1 (before T-20 dosing), 
4, 8, 11, 15 and 21 ; CD4* lymphocyte counts were determined on days 
-14, 1, 4, 8 and 15. Patients were discharged from the hospital on day 15 
and returned for an outpatient follow-up visit on day 21 . 

Virologic measurements 

Anti-retroviral activity was first assessed by measuring plasma viral load 
using the branched-chain DNA method (bDNA; Chiron, Emeryville, 
California) 45 ' 46 , which has a detection limit of 500 copies of HIV-1 RNA per 
ml. Because viral RNA levels fell below detectability by the bDNA assay in all 
four patients who received the highest dose of T-20 (100 mg), plasma sam- 
ples from these patients were re-tested using a quantitative ultrasensitive 
RT-PCR HIV RNA assay 47 (Roche, Somerville, New Jersey) with a detection 
limit of 40 copies per ml. 



Pharmacokinetic studies 

Frequent blood sampling was obtained twice, on day -3 and on day 3, for 
single-dose and steady-state pharmacokinetic studies, respectively. Blood 
samples on these days were drawn immediately before and 0.5, 1, 2, 4, 6, 
8, 12 and 24 hours after the completion of the 20-minute drug infusion. T- 
20 levels were determined using a sandwich capture ELISA assay (T.M.V., 
manuscript in preparation). 

Statistical analysis 

We used the Wilcoxon rank sum test to compare dose levels with respect to 
CD4 count and viral load at baseline, and the paired t-test to compare val- 
ues from day 1 with those from day 15 for CD4 count and viral load within 
each dose level. We evaluated the effect of T-20 dose groups and time on 
study on the CD4 count and viral load using 2-way analyses of variance. 
Pharmacokinetic data were fit to a one-compartment model utilizing SAS 
non-linear procedures 48 . Area under the curve, half-life, and the volume of 
distribution were calculated using the estimated coefficients derived from 
the non-linear regression procedure. All pharmacokinetic measurements, 
viral load results and CD4 counts are expressed as medians with the corre- 
sponding ranges in parentheses; changes in the last two parameters are ex- 
pressed as median change from baseline. 
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Fig. 1: The average viral load values (measured by real-time RT-PCR, and shown 
as copy eq/ml in the panel on left and as copy eq/ml in log scale in the panel on 
right) for two control and two R15K-treated monkeys. The R15K-treatment 
(60mg/day/monkey, iv) was initiated on day -2 and continued through day 12 (for 
a total of 15 days). The control monkeys received sterile saline for the same 
duration. The monkeys were infected on day 0 with IOOOTCID50 of SHIVk U 2 in 
lml sterile saline. 
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Fig. 2: The average-change in 
viral load (shown after log- 
conversion) between control and 
treated monkeys. The R15K- 
treatment (60mg/day/monkey, iv) 
was initiated on day -2 and 
continued through day 12 (for a 
total of 15 days). The control 
monkeys received sterile saline 
for the same duration. The 
monkeys were infected on day 0 
with 1000TCID 50 of SHIV ku2 in 
lml sterile saline. 
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Since cytotoxic T lymphocytes (CTLs) are critical for controlling human immunodeficiency virus type 1 
(HIV-1) replication in infected individuals, candidate HIV-1 vaccines should elicit virus-specific CTL re- 
sponses. In this report, we study the immune responses elicited in rhesus monkeys by a recombinant poxvirus 
vaccine and the degree of protection afforded against a pathogenic simian-human immunodeficiency virus 
SHW-89.6P challenge. Immunization with recombinant modified vaccinia virus Ankara (MVA) vectors ex- 
pressing SIVmac239 gag-pol and HIV-1 89.6 env elicited potent Gag-specific CTL responses but no detectable 
SHTV-specific neutralizing antibody (NAb) responses. Following intravenous SHTV-89.6P challenge, sham- 
vaccinated monkeys developed low-frequency CTL responses, tow-titer NAb responses, rapid loss of CD4 + T 
lymphocytes, high-setpoint viral RNA levels, and significant clinical disease progression and death in half of 
the animals by day 168 post challenge. In contrast, the recomb inan t MVA-vaccinated monkeys demonstrated 
high-frequency secondary CTL responses, high-titer secondary SmV-89.6-specific NAb responses, rapid emer- 
gence of SmV-89^P-specific NAb responses, partial preservation of CD4+ T lymphocytes, reduced setpoint 
viral RNA levels, and no evidence of clinical disease or mortality by day 168 postchallenge. There was a 
statistically significant correlation between levels of vaccine-elicited CTL responses prior to challenge and the 
control of viremia following challenge. These results demonstrate that immune responses elicited by live 
recombinant vectors, although unable to provide sterilizing immunity, can control viremia and prevent disease 
progression following a highly pathogenic AIDS virus challenge. 



A safe and effective human immunodeficiency virus type 1 
(HIV-1) vaccine is urgently needed to control the worldwide 
HIV-1 epidemic. A number of recent studies have demon- 
strated the importance of virus-specific CD8 + cytotoxic T lym- 
phocytes (CTLs) in controlling HIV-1 replication in humans 
and simian immunodeficiency virus (SIV) replication in rhesus 
monkeys (18, 26, 27, 36). It is therefore widely believed that 
HIV-1 vaccine candidates should elicit potent virus-specific 
CTL responses in addition to neutralizing antibody (NAb) 
responses. 

Live, attenuated virus vaccines have been shown to generate 
CTL and NAb responses capable of controlling a number of 
pathogenic viral challenges (10, 40, 41). However, significant 
safety concerns regarding this approach remain. Live, attenu- 
ated SIV vaccines have been shown to induce AIDS in neona- 
tal and adult macaques (4, 5). More importantly, humans in- 
fected with nef-deleted HTV-1 have been reported to develop 
immunodeficiency and clinical disease (11, 14, 22). 

Other vaccine strategies capable of eliciting virus-specific 
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CTL responses are therefore being evaluated. Approaches that 
have generated considerable interest include plasmid DNA 
and recombinant live vectors. We have recently reported that 
plasmid DNA vaccination elicited high-frequency CTL responses 
that reduced setpoint viremia following an SIVsmE660 chal- 
lenge in rhesus monkeys (12). We have also demonstrated that 
cytokine-augmented DNA vaccination elicited potent immune 
responses that effectively controlled viremia and prevented 
clinical disease progression following a pathogenic simian-hu- 
man immunodeficiency virus SHIV-89.6P challenge (6, 7). 

It remains to be determined whether other vaccination mo- 
dalities, in particular live recombinant vectors, will provide a 
similar level of protection in monkeys challenged with the 
highly pathogenic virus SHTV-89.6P (32-34). A number of 
recombinant live poxviruses have been evaluated for their util- 
ity as HTV-1 vaccine candidates. Safety concerns regarding 
vaccinia virus (31) have led to the development of a number of 
attenuated poxviruses as vaccine vectors, including NYVAC, 
fowlpox, canarypox, and modified vaccinia virus Ankara 
(MVA) (8, 16, 28, 29, 37, 38). MVA is an attenuated form of 
vaccinia virus that has undergone 570 passages in primary 
chicken embryo fibroblasts and has genomic deletions that 
reduce its pathogenicity (23). We have recently reported that 
a recombinant MVA/gag-pol vaccine elicits SIV-specific CTL 
responses in rhesus monkeys (37). Following a pathogenic 
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SIVsmE660 challenge, secondary CTL responses were de- 
tected associated with a partial control of viremia (38). In 
another study, vaccination with recombinant MVA/env, MVA/ 
gag-poU or MVAi/gag-pol-env constructs reduced plasma vire- 
mia and increased survival following an SIVsmE660 challenge 
(28, 29). 

In the present study, we investigate the ability of recombi- 
nant MVA vectors expressing SIV gag-pol and HTV-1 env de- 
rived from the primary patient isolate 89.6 to elicit CTL and 
NAb responses in rhesus monkeys. We also assess the protec- 
tion afforded by these immune responses against a highly 
pathogenic SHIV-89.6P challenge. 

MATERIALS AND METHODS 

Construction of recombinant MVA vectors. Open reading frames of 
SrVmac239 gag-pol and HIV-1 89.6 env truncated at amino acid 738 were in- 
serted adjacent to the modified H5 promoter in the previously described plasm id 
transfer vectors pLW-9 and pLW-17, respectively (42, 43). Recombinant MVA/ 
gag-pol and MVA/env vectors were each produced by homologous recombina- 
tion, identified by immunostaining of live, infected ceD foci, and clonally isolated 
The purity of each recombinant virus was assessed by PCR and immunostaining. 
Expression of the recombinant proteins was determined by radioim mun opted pi - 
tation. The production of Gag particles and surface expression and fusion com- 
petence of the expressed Env proteins were demonstrated. 

Vaccination and challenge of rhesus monkeys. Eight Mamu-A *0/-positive 
rhesus monkeys were selected for inclusion in this study (20). The monkeys were 
immunized intramuscularly with 10 s PFU of either control non recombinant 
MVA (n = 4) or recombinant MVA vectors expressing SIV gag-pol and HIV-1 
89.6 env at weeks 0, 4, and 21. The monkeys were challenged at week 27 with a 
1:500 dilution (estimated 100 50% monkey infective doses [MID^]) of the 
uncloned cell-free SHIV-89.6P stock (33, 34) by the intravenous (Lv.) route. 
Monkeys were maintained in accordance with National Institutes of Health and 
Harvard Medical School guidelines. 

Tetramer «*»tnfatg- Tetramer staining was performed with freshly isolated 
peripheral blood mononuclear cells (PBMC) from EDTA-anticoaguIated whole 
blood specimens as described (3, 21). Briefly, soluble tetrameric Mamu-A*01 
complexes folded around the SIV Gag pllC epitope (CTPYDINQM) (1, 24) 
were prepared. One microgram of phycoerythrin-labeled tetrameric Mamu- 
A*01/pllC complexes was used in conjunction with fluorescein isothiocyanate- 
labeled anti-human CD8a (Leu2a; Becton Dictrinsoo), phycocerythrin-Texas 
Red (ECD)-labeIed anti-human CD8a3 (2ST8-5H7; Beckman Coulter), and 
allophycocyanin-tabeled anti-rhesus monkey CD3 (FN 18) monoclonal antibod- 
ies to stain pi 1C- specific CD8 + T cells. A total of 100 uJ of whole blood from the 
vaccinated or control monkeys was directly stained with these reagents, lysed, 
washed, and fixed. Samples were analyzed by four-color flow cytometry with a 
Becton Dickinson FACS Calibur system, and gated CD 3^ CD8ap + T cells were 
examined for staining with tetrameric Mamu-A*01/pllC complexes. 

CTL assays. Functional chromium release cytotoxicity assays were performed 
as described (6). Briefly, 5 X 10 6 washed PBMC from rhesus monkeys were 
cultured in the presence of 10 fig of pllC peptide (CTPYDINQM)/ml (1, 24). 
On day 3 of culture, 20 U of human recombinant interleukin 2 (Hoffmann-La 
Roche)/ml was added On day 12 of culture, peptide-stimulated PBMC were 
centrifuged over Ficoll (Ficoll-Paquc) and assessed as effectors in standard 4-h 
51 Cr-rclcasc assays containing 10* target cells/well. Autologous B-lymphoblas- 
toid cell lines pulsed with 1 u.g of pllC peptide or pi IB control peptide 
(ALSEGCTPYDINyml and labeled overnight with 31 Cr (100 u.Ci/ml) were used 
as targets. To measure spontaneous release of 3l Cr, target cells were incubated 
with 100 m-1 of medium, and for maximum release target cells were incubated with 
100 u.1 of 2% Triton X-100. Percent lysis was calculated as follows: [(experimen- 
tal release - spontaneous reiease)/(maximum release - spontaneous release)] x 
100. 

Neutralizing antibody assays. Determination of antibody titers capable of 
neutralizing SHIV-89.6 and SHIV-89.6P was performed as described (9). Briefly, 
reduction of virus-induced cytopatbic killing of MT-2 cells was measured by 
Pinter's neutral red that is taken up by viable cells. A total of 50 u.1 of cell-free 
virus containing 500 50% tissue culture infective doses grown in human PBMC 
was added to multiple dilutions of test plasma in 100 u.1 of growth media in 
triplicate. These mixtures were incubated for 1 h before the addition of 5 x 10* 
MT-2 cells. Infection led to extensive syncytium formation and virus-induced cell 
killing in 4 to 6 days in the absence of neutralizing antibodies. Neutralization 



titers were calculated as the reciprocal dilution of plasma required to protect 
50% of cells from virus-induced killing. 

CD4"*" T-rymphocyte counts and viral RNA levels. CD4 + T- lymphocyte counts 
were determined by multiplying the total lymphocyte count by the percentage of 
CD3 + CD4*' T cells assessed by flow cytometry. Plasma viral RNA levels were 
measured by a real-time reverse transcriptase PCR amplification assay with a 
detection limit of 500 copies/ml as described (17) using gag primers and probes 
(39). 

Statistical analyses. Statistical analyses were performed with GraphPad Prism 
version 2.01 (GraphPad Software, Inc.). CD4 + T-lymphocyte counts and viral 
RNA levels were compared between groups by two-sided Wilcoxon rank sum 
tests. Day 70 setpoint values were chosen in order to analyze a complete data set 
prior to the death of any animals. Correlation of prechaflenge vaccine-elicited 
CTLs and day 70 postcbaltenge setpoint viral RNA levels was assessed by a 
two-sided Spearman rank correlation test. In all cases, a P value of <0.05 was 
considered significant. 

RESULTS 

Vaccine trial design. Eight rhesus monkeys (Af. mulatto) 
expressing the major histocompatibility complex class I allele 
Mamu-A*01 were selected for inclusion in this study (20). 
These animals were immunized with the control nonrecombi- 
nant MVA (n = 4) or recombinant MVA vaccines expressing 
SIV gag-pol and HIV-1 env derived from the primary patient 
R5/X4 dual-tropic isolate 89.6 (n = 4). Animals received 10 8 
PFU intramuscularly of control or recombinant MVA vectors 
at weeks 0, 4, and 21. At week 27, all eight animals were 
challenged i.v. with SHIV-89.6P. This highly pathogenic virus 
was derived by in vivo passage of the nonpathogenic virus 
SHIV-89.6 and has been shown to cause rapid CD4 + T-lym- 
phocyte loss and clinical AIDS in the majority of naive rhesus 
monkeys (7, 32-34). 

Vaccine-elicited immune responses. Staining CD8* T cells 
with tetrameric MHC class I-peptide complexes followed by 
analysis by flow cytometry has proven to be an accurate 
method for quantitating epitope-specific CTLs in freshly iso- 
lated whole-blood specimens without the need for in vitro 
lymphocyte stimulation (3, 21). CTL responses specific for the 
Mamu-A *02-restricted immunodominant SIV Gag pllC 
epitope (CTPYDINQM) (1, 24) were measured by both tet- 
ramer staining and functional chromium release cytotoxicity 
assays. As shown in Fig. 1, pllC-specific CTLs were detected 
by tetramer staining in all vaccinated animals after the initial 
immunization. Higher levels were observed 1 week after the 
week 4 and week 21 boost immunizations, reaching a maxi- 
mum of 0.2 to 0.8% of circulating CD3 + CD8 + T cells. Levels 
of CTLs following the second and third immunizations were 
comparable, consistent with the findings in our previous study 
of CTL responses elicited by recombinant MVA vectors in 
rhesus monkeys (37, 38). Following each boost immunization, 
there was a rapid expansion of pllC-specific CTLs followed by 
a rapid decline to steady-state plateau levels of 0.1 to 0.3% of 
circulating CD8 + T cells that persisted over time. Tetramer 
staining specific for the subdominant HIV-1 Env p41A epitope 
(YAPPISGQI) (13) was onfy detected in one animal (H507), 
and no tetramer staining specific for pllC or p41A was ob- 
served in the monkeys that received the control MVA (data 
not shown). As shown in Table 1, functional chromium release 
cytotoxicity assays confirmed these tetramer staining data. No 
NAb responses specific for SHIV-89.6 or SHIV-89.6P (<1:20 
titer) were detectable in the control or vaccinated animals at 
peak immunity or prior to challenge (data not shown). 
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FIG. 1. Vaccine-elicited CTL responses. Mamu-A W-positive 
monkeys were immunized at weeks 0, 4, and 21 with recombinant 
MVA constructs expressing SIV gag-pol and HIV-1 89.6 env. Vaccine- 
elicited CD8* T-cell responses specific for the immunodominant SIV 
Gag pi 1C (CTPYDINQM) epitope (1, 24) were measured by tetramer 
staining of freshly isolated PBMC (3, 21). The percent CD3 + CD8 + T 
cells that bound the Mamu-A*01/pllC tetramer is shown. Arrows 
indicate times of immunization. 



Immune responses following challenge. Six weeks after the 
final boost immunization, all eight animals were challenged i.v. 
with 100 MIDjo of cell-free SHIV-89.6P. All animals were 
infected by this highly pathogenic viral challenge. As shown in 
Fig. 2, the control monkeys developed primary pllC-specific 
CTL responses, reaching a maximum of 02 to 2% of circulat- 
ing CD8 + T cells on day 14 after challenge. In contrast, the 
vaccinated monkeys developed higher secondary pllC-specific 
CTL responses, reaching a maximum of 7 to 20% of circulating 
CD8 + T cells on day 14 after challenge. As shown in Table 2, 
the results of functional chromium release cytotoxicity assays 
confirmed these tetramer staining data. 

NAb responses specific for both SHIV-89.6 and SHIV-89.6P 
were assessed in MT-2 cell-killing assays (9). As shown in Fig. 
3A, no SHTV-89.6-specific NAbs were detected in the plasma 
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°SIV Gag pllC-specific CD8 + T-cell responses as measured by tetramer 
staining of freshly isolated and peptide-stimulated PBMC and chromium release 
functional cytotoxicity assays at week 22, which is 1 week following the third 
immunization. The percent CD3 + CD8* cells that bind tetramer is shown for the 
tetramer assays. The percent specific lysis at a 5:1 effector-to-target ratio is shown 
for the cytotoxicity assays. 
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FIG. 2. Secondary CTL responses following challenge. Monkeys 
were challenged with SHIV-89.6P by the i.v. route on day 0. CD8 + 
T-cell responses specific for the SIV Gag pllC epitope were deter- 
mined by tetramer staining of freshly isolated PBMC at multiple time 
points (3, 21). The percent CD3 + CD8* T cells that bound the Mamu- 
A*01/pllC tetramer is shown. 



of the control animals, except for a low titer in monkey H547 
on day 70 after challenge. In contrast, SHIV-89.6-specific 
NAbs were detected in the plasma of two vaccinated animals 
on day 14 after challenge, and high-titer NAbs (1350 to 
10,804) were observed in the plasma of all four vaccinated 
animals on day 21 following challenge. This rapid evolution of 
high-titer NAbs is consistent with a secondary SHTV-89.6-spe- 
cific NAb response that was primed by the vaccine. 

Since NAbs generated by SHIV-89.6 infection exhibit poor 
cross-neutralizing activity against SHIV-89.6P (9, 25), the vac- 
cine expressing HIV-1 Env 89.6 would not be expected to 
prime for SHIV-89.6P-specific NAbs. As shown in Fig. 3B, only 
two control monkeys (H544 and H547) developed SHTV- 
89.6P-specific NAbs by day 42 after challenge. Surprisingly, all 
four vaccinated monkeys developed SHIV-89.6P-specific NAbs 
between days 21 and 42 after challenge. The six animals that 
developed detectable SHIV-89.6P-specific NAbs had similar 
peak titers. 

CD4 counts, viral RNA levels, and clinical disease progres- 
sion. As shown in Fig. 4, the control monkeys developed a 
rapid and profound loss of CD4 + T lymphocytes between days 
7 and 21 after challenge. Monkeys H549 and H561 demon- 
strated a complete loss of their CD4 + T lymphocytes, whereas 
H544 and H547 had significant but incomplete losses of their 
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TABLE 2. CTL responses following challenge" 



Vaccination and monkey 


Tetramer binding 

Fresh Stimulated 
PBMC PBMC 


Functional 
cytotoxicity 
^sttmuiaiea roMt) 


Control MVA 








H544 


0.1 


2 


2 


H547 


0.1 


1 


0 


H549 


0.7 


19 


22 


H561 


1.7 


8 


11 


Recombinant MVA 








T119 


73 


48 


29 


H500 


3.9 


49 


37 


H507 


13.5 


59 


34 


H511 


2J5 


42 


28 



a SIV Gag pllC-specific CD 8* T-ceU responses as measured by tetramer 
stain ing of freshly isolated and peptide-stimuhted PBMC and chromium release 
functional cytotoxicity assays at day 17 after challenge. The percent CD3 + CDS 4 " 
cells that bind tetramer is shown for the tetramer assays. The percent specific 
lysis at a 5:1 effector-to-target ratio is shown for the cytotoxicity assays. 



CD4 + T lymphocytes. In the vaccinated animals, monkeys 
H500 and H511 had completely stable CD4 + T-lymphocyte 
counts, whereas monkeys T119 and H507 exhibited partial 
declines in CD4 + T-lymphocyte counts by day 168 after chal- 



J. VlROL. 

lenge. On day 70 after challenge, a time by which the setpoint 
of viral replication is reached in SHTV-89.6T-infected rhesus 
monkeys, the CD4 + T-lymphocyte counts in the vaccinated 
monkeys were significantly higher than in the control monkeys 
(P - 0.028 by a two-sided Wilcoxcm rank sum test). 

We next measured plasma viral RNA levels in the monkeys 
by a real-time amplification assay with a detection limit of 500 
copies/ml (17, 39). As demonstrated in Fig. 5, the control 
monkeys developed high levels of peak primary viremia, reach- 
ing 5.4 x 10 7 to 3.8 x 10 s copies/ml on day 10 or 14 after 
challenge. In the vaccinated monkeys, peak primary viremia 
was slightly lower, between 4.4 x 10 6 and 1.4 x 10 8 copies/ml. 
On day 70 after challenge, all the control animals had high- 
setpoint viral RNA levels of 1.2 X 10 4 to 5.9 x 10 s copies/ml. 
In three of the four vaccinated monkeys (T119, H500, and 
H511), setpoint viremia was below the limit of detection of the 
assay (<500 copies/ml). Setpoint viremia in monkey H507, 
however, remained high. Interestingly, this animal had the 
lowest levels of vaccine-elicited CTLs prior to challenge. A 
trend toward a reduction in setpoint viremia was observed in 
the vaccinated animals compared with the control monkeys 
(P = 0.11 by a two-sided Wilcoxon rank sum test). The vacci- 
nated animals had a 2.0-log reduction in geometric mean viral 
RNA levels after setpoint compared with the control animals. 
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Contra! MVA 




B. SHIV-89.6P 

Control MVA 
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80 
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1.E+02 



1.E+01 



80 



FIG. 3. NAb responses following challenge. Plasma antibody titers 
by MT-2 cell-killing assays at multiple time points (9). 



40 60 
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le of neutralizing SHIV^89.6 (A) and SHIV-89.6P (B) were measured 
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FIG. 4. CD4 + T-lymphocyte counts following challenge. CD4 + T- 
lymphocyte counts in peripheral blood were determined by multiplying 
the total lymphocyte count by the percentage of CD3 + CD4 + lympho- 
cytes at multiple time points. 



1.E+09 



Recombinant MVA 




1.E+02 

100 120 140 
Day After Challenge 

FIG. 5. Viral RNA levels following challenge. Plasma viral RNA 
levels were determined at multiple time points by a real-time amplifi- 
cation assay with a detection limit of 500 copies/ml (17, 39). t, death of 
the animal. 



Significant clinical disease progression was observed in the 
two control animals (H549 and H561) that had complete de- 
pletion of their CD4 + T lymphocytes, persistent high viremia, 
and no SHIV-89.6P-specific NAbs. These two animals died at 
days 126 and 168 after challenge. In contrast, all the vaccinated 
animals remained healthy without evidence of clinical disease 
or mortality by day 168 after challenge. The rapid development 
of clinical AIDS and mortality in the control animals is com- 
parable with our previous experience with SHIV-89.6P-in- 
fected monkeys (7, 34). 

Immune correlates of protection. A scatter plot of data 
shown in Fig. 6 demonstrates a significant correlation between 
prechallenge vaccine-elicited plateau-phase pllC-specific CTL 
responses determined by tetramer staining and day 70 post- 
challenge setpoint viral RNA levels (P = 0.03 by a two-sided 
Spearman rank correlation test). This correlation is analogous 
to the correlation we observed in our recent study of immune 
responses and the protective efficacy elicited by DNA vaccina- 
tion (7). 

DISCUSSION 

In this study, virus-specific immune responses were elicited 
in rhesus monkeys using recombinant MVA vectors expressing 



SIV gag-pol and HIV-1 89.6 env. The kinetics and magnitude of 
the vaccine-elicited SIV Gag epitope-specific CTL responses 
were comparable to those observed in our previous study of 
recombinant MVA-vaccinated rhesus monkeys (37, 38). The 
levels of vaccine-elicited CTL responses in the present study 
were also comparable to those elicited by plasmid DNA vac- 
cination in our prior studies, but were lower than those elicited 
by cytokine-augmented DNA vaccination (6, 7, 12). 
As we reported previously (7), there was a statistically sig- 




i i i 

0 0.1 0.2 0.3 

Pre-Challenge Plateau p11C CTL 

FIG. 6. Correlation of prechallenge vaccine-elicited plateau-phase 
pllC-specific CTL responses as determined by tetramer staining and 
day 70 postchallenge setpoint viral RNA levels (P = 0.03). 
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nificant correlation between levels of prechallenge vaccine- 
elicited plateau-phase CTLs and setpoint viremia following 
challenge. The asymptotic appearance of the data from the 
scatter plots in both of these studies suggests that a level of 
vaccine-elicited plateau-phase CTLs may exist above which 
little additional benefit is obtained after challenge. The pre- 
challenge plateau-phase CTL population presumably repre- 
sents the vaccine-elicited memory pool of CTLs which expand 
upon exposure to virus to become functional effector CTLs. 
The correlation observed between levels of prechallenge pla- 
teau-phase CTLs and the control of viremia following chal- 
lenge highlights the importance of CTLs in controlling AIDS 
virus replication. 

Following the SHTV-89.6P challenge, secondary SIV Gag 
epitope-specific CTL responses were clearly evident in the 
vaccinated animals. The secondary CTL responses were max- 
imal on day 14 and then rapidly declined to steady-state pla- 
teau levels. The magnitude of the secondary CTL responses 
following viral challenge reflected both the levels of vaccine- 
elicited CTL responses as well as the levels of viral antigen 
driving these responses. The vaccinated monkey that was un- 
able to control viremia (H507) had persistently high levels of 
tetramer-binding CD8 + T cells following challenge, likely re- 
flecting the high levels of antigen present in this animal. 

NAbs specific for SHIV-89.6 and SHIV-89.6P were unde- 
tectable in the vaccinated monkeys at the time of peak vaccine- 
elicited immunity or on the day of challenge. However, high- 
titer SHIV-89.6-specific NAbs were detected in the vaccinated 
animals within 3 weeks after challenge. Since SHTV-89.6-spe- 
cific NAbs are rarely detected in naive animals prior to 6 weeks 
following infection with SHIV-89.6 or SHIV-89.6P (9, 24), the 
SMV-89.6-specific NAb response observed here was most 
likely an anamnestic response primed by the vaccine. This 
secondary NAb response following challenge was presumably 
elicited by either shared epitopes between the Env 89.6 im- 
munogen and the Env 89.6P on the challenge virus or a minor 
SHIV-89.6 quasispecies present in the SHTV-89.6P challenge 
stock. 

NAbs specific for SHTV-89.6P were detected by day 21 to 42 
after challenge in the vaccinated monkeys and considerably 
later or not at all in the control monkeys. It is unclear if the 
earlier emergence of SHIV-89.6P-specific NAbs in the vacci- 
nated animals reflected de novo generation of NAbs facilitated 
by the preserved CD4 + T-cell help in these animals, affinity 
maturation of the SHTV-89.6-specific NAbs, or a secondary 
NAb response that was primed by the vaccine. This last pos- 
sibility is perhaps least likely, since SHIV-89.6-specific NAbs 
have poor neutralizing activity against SHTV-89.6P (9, 25). 
Regardless of the mechanism, these data demonstrate that the 
rapid emergence of NAb responses specific for a highly patho- 
genic primary isolate-like challenge virus did not require im- 
munization with a completely homologous Env construct 

On day 14 after challenge, at the time of peak primary 
viremia, secondary CTL responses were maximal and SHIV- 
89.6P-specific NAbs were undetectable, suggesting that the 
initial control of primary viremia in the vaccinated animals was 
mediated predominantly by CTLs. The subsequent control of 
viremia, however, likely reflects the effects of both cellular and 
humoral immune responses. In our prior study utilizing MVA 
vectors expressing env smH-4 and the related challenge virus 



SIVsmE660, the monkeys vaccinated with MVA/env devel- 
oped secondary SIVsmH-4-specific NAbs after SIVsmE660 
challenge but no convincing secondary SrVsmE660-specific 
NAbs (28, 29). It is possible that the absence of augmented 
SIVsmE660-specific NAbs following challenge accounted for 
the observation that MVA/gag-po/, MVA/env, and MVA/gag- 
pol-env vaccinations all provided comparable partial control of 
viremia in that study. 

A significant limitation of the present study is the small 
number of monkeys, which precluded a statistical comparison 
of clinical disease end points and mortality. However, follow- 
ing the SHIV-89.6P challenge, the control animals developed 
low-frequency CTL responses, low-titer NAb responses, rapid 
loss of CD4 + T lymphocytes, high viral RNA levels, and clin- 
ical disease and death in two of the four animals in this group. 
The monkeys that received the recombinant MVA vaccines 
developed high-frequency CTL responses, high-titer NAb re- 
sponses, partial preservation of CD4 + T lymphocytes, reduced 
viral RNA levels, and no evidence of clinical disease or mor- 
tality by day 168 after challenge. The 2.0-log reduction in mean 
setpoint plasma viremia observed in this study is similar to the 
1.9-log reduction we have reported in SHTV-89.6P-chaDenged 
monkeys using plasmid DNA vaccination, although it is less 
striking than the 3.0-log reduction achieved using cytokine- 
augmented DNA vaccination (7). The results of the present 
study are also comparable with the results we obtained with 
recombinant MVA vaccination in conjunction with an 
SIVsmE660 challenge (37, 38). 

The degree of protection achieved against SHTV-89.6P-m- 
duced AIDS by recombinant MVA vaccination and plasmid 
DNA vaccination should not be interpreted as evidence that 
SHTV-89.6P-induced disease is easy to ameliorate. In fact, sev- 
eral other vaccine modalities, including purified recombinant 
proteins and synthetic peptide vaccines, provide no discernible 
protection against SHTV-89.6P viremia or clinical disease pro- 
gression in similarly conducted vaccine trials with rhesus mon- 
keys (N. L. Letvin et al., unpublished data). The fact that 
SHTV-89.6P infection rapidly leads to immunodeficiency and 
AIDS in the majority of control monkeys makes this a useful 
challenge model for assessing the ability of vaccine candidates 
to provide protection against clinical disease progression in a 
relatively short time frame. 

It is likely that a number of vaccine approaches will ulti- 
mately prove to have comparable efficacy in eliciting immune 
responses, controlling viremia, and preventing clinical se- 
quelae of an AIDS virus infection. Such approaches are likely 
to include recombinant live vectors (38), plasmid DNA (7), 
and prime-boost approaches that involve boosting a DNA- 
primed immune response with a recombinant live vector (2, 15, 
19, 35). Many of these vaccine strategies will be tested for their 
utility in humans over the next several years. If viral replication 
is similarly reduced in vaccinated humans who are subse- 
quently infected with HTV-1, such individuals may demon- 
strate slowed disease progression and decreased HTV-1 trans- 
mission rates (30). Thus, a vaccine that elicits immunity that is 
not sterilizing but capable of reducing HTV-1 RNA levels fol- 
lowing infection may still provide substantial clinical benefits to 
human populations. 
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Eight different protocols were compared for their ability to raise protection against immunode- 
ficiency virus challenges in rhesus macaques. The most promising containment of challenge in- 
fections was achieved by intradermal DNA priming followed by recombinant fowl pox virus 
booster immunizations. This containment did not require neutralizing antibody and was active 
for a series of challenges ending with a highly virulent virus with a primary isolate envelope het- 
erologous to the immunizing strain. 



With the prospect of HIV, first recognized in 1984, infecting 1% 
of the world's population by the year 2000, the need for the de- 
velopment of a vaccine for AIDS is urgent 1 . Challenges for an ef- 
fective vaccine include preventing infection by a virus that is not 
easily blocked by neutralizing antibody 2 - 3 , containing a virus that 
preferentially kills the T-helper cells that support the amplifica- 
tion and differentiation of anti-viral immune responses 4 - 5 , and 
preventing the establishment of the reservoir of latent proviral 
DNA that can serve as a source of re-emergent virus 6 . These are 
difficult goals for a vaccine to achieve. 

Among the AIDS vaccines that have been tested in macaque 
models, only live attenuated viruses with potential risks for dis- 
ease have contained highly pathogenic challenges 7 ' 9 . Three safer 
approaches for vaccination, including purified proteins, recom- 
binant viral vectors and DNA vaccines, have held some promise 
in less-virulent challenge models. Purified envelope glycopro- 
teins (Envs) have generated sterilizing immunity that correlated 
with the presence of neutralizing antibody. However the efficacy 
of this neutralizing activity has been limited by its poor persis- 
tence and its specificity for the immunizing Env, but not a spec- 
trum of patient Envs (refs. 10-12). Live vectored vaccines, such 
as recombinant pox viruses expressing Env or capsid proteins 
(Gag) have raised both antibody and cell-mediated immune re- 
sponses ,3 ~ 15 . For live vectors, the expression of both Env and Gag 
has raised better containment than the expression of only Env or 



Gag 16 . The third approach, DNA vaccines, also raises both hu- 
moral and cell-mediated immune responses 17 18 . DNA vaccines 
have contained a highly attenuated HIV-1 infection in chim- 
panzees (HIV-l-SF2)(ref. 19), and achieved sterilizing immunity 
when the DNA vaccine was followed by a protein booster and 
challenge was with a virus with an Env homologous to the 
booster Env protein 20 . 

We undertook this study to gain experience with the use of 
DNA for an immunodeficiency virus vaccine and to evaluate the 
ability of DNA, or DNA followed by protein or recombinant pox 
virus booster immunizations, to raise protection. Would vaccines 
that were providing some success when used individually have 
synergy when used together? Our results show that intradermal 
DNA priming followed by recombinant pox virus boosters can 
contain challenge infections below the level of detection of our 
PCR assays for viral RNA. This apparently cell-mediated contain- 
ment did not require detectable levels of neutralizing antibody. 

Vaccine trial and immunogens 

The vaccine trial had eight groups with four rhesus macaques in 
each (Fig 1): Two methods of DNA delivery were evaluated: in- 
tradermal injections of DNA in saline, and gene gun bombard- 
ments of DNA-coated gold beads. A popular method of DNA 
delivery, intramuscular inoculation, was not used, because of 
overlap with other NIH sponsored trials. Groups 1-3 tested intra- 
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Fig. 1 Vaccine trial. Downward arrows, timing for priming and booster 
immunizations and challenge infections for the eight sections of the trial. 
Far right, monkeys assigned to each group, i.d., intradermal; g.g., gene 
gun; DNA, five vaccine DNAs; prt, Env protein in incomplete Freunds adju- 
vant; rFPV, three recombinant fowl pox viruses; cont. DNA, vaccine vector 
without an insert. 



dermal priming with DNA followed by booster immunizations 
with intradermal DNA inoculations, purified Env protein or re- 
combinant fowl pox virus (rFPV). Groups 4-6 evaluated priming 
with DNA delivered by gene gun followed by booster immuniza- 
tions with DNA delivered by gene gun, Env protein or rFPV. 
Groups 7 and 8 tested priming with control DNA (plasmid vector 
without a vaccine insert) followed by boosting with Env protein 
or rFPV. The DNA 'primes' were administered at 0, 4 and 26 
weeks and the booster immunizations, at 46 and 66 weeks. 
Intravenous challenges were with chimeras between simian and 
human immunodeficiency viruses (SHIVs) that allow infection 
of rhesus macaques with viruses with HIV-1 Envs. The first two 



challenges were with SHIV-lIlb, the virus from which the im- 
munogens had been derived. SHIV-lllb is a nonpathogenic virus 
that grows to lower titers in macaques than typical primary iso- 
lates achieve in humans 21 22 . The third challenge was with SHIV- 
89. 6P, a very virulent virus with the envelope glycoprotein of a 
primary isolate 23 . In rhesus macaques, SHIV-89.6P causes the de- 
pletion of CD4* T cells within 2 weeks of infection and death 
from opportunistic infections within 6 months. 

The DNA and rFPV immunogens were designed to express the 
gag, pol, env and mfgenes of SHIV-IIlb. Five DNA constructs were 
used for each DNA inoculation: The first vaccine DNA, pRS102, 
encoded the Gag and polymerase proteins of SIVmac239; the 
second, pCMV/nef, encoded the Nef protein of SIVmac239; the 
third, pJW4303/HXB-2d pol, was designed to express non-infec- 
tious HiV-l-lIIb virus-like-particles; the fourth, pJW4303/HXB- 
2.gpl40, encoded a secreted oligomeric form of the HIV-l-IIIb 
Env that is unstable and sheds gpl20; and the fifth, 
pJW4303/HXB-2.gpl20, encoded a secreted monomeric form of 
the receptor binding subunit of the HIV-MIlb Env (gpl20). A 
combination of Env-expressing plasmids was used because a sim- 
ilar combination had proved effective at raising neutralizing an- 
tibody in another DNA vaccine trial 24 . For intradermal 
immunizations, 500 ug of each DNA were administered for a 
total of 2.5 mg of DNA per inoculation. For the gene gun inocu- 
lations, 4 ug of each DNA was delivered for a total of 20 ug of 
DNA per inoculation. Less DNA is required to raise immune re- 
sponses by gene gun administration than by saline injections of 
DNA because of the relatively efficient transfection that results 
from the direct delivery of DNA into cells by DNA-coated gold 
bullets" 26 . The protein boost consisted of 100 ug of the full- 
length, unmutated Env of HIV-l-IIIb (ref. 27) in incomplete 
Freunds adjuvant administered intramuscularly The Illb Env had 
an apparent molecular weight of 160 kDa with gp!20 and gp41 
covalently attached. Recombinant fowl pox was chosen for the 
pox virus boost because fowl pox infects but does not replicate in 
macaques, posing no risk of unwanted dissemination of the vec- 
tor in the vaccinated monkey. Three SHIV-IIlb-expressing rFPVs 
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Fig. 2 Temporal antibody responses during the immunization and 
challenge phases of the vaccine trial. Titers of IgG specific for Env were 
determined by ELI 5 A. Each panel presents data for one group of the trial. 
Lower right corners, priming immunizations/booster immunizations: 
i d., intradermal delivery of five vaccine DNAs; g.g., gene gun delivery of 
five vaccine DNAs; prt, Env protein in incomplete Freund's adjuvant; 
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rFPV three recombinant fowl pox virus vectors; cont., plasmid vector 
without a vaccine insert. Symbols indicate order in group: O, first mon- 
key in each group (macaques 1 , 5, 9, 1 3, 1 7, 21 , 25, 29, 33, 37 and 39); 
□ "second (2, 6, 10, 14, 18, 22, 26, 30, 34, 38 and 40); A third (7 11 
15, 19, 23, 27, 31, 35 and 41); V, fourth (4, 8, 12, 16, 20, 24, 28, 
and 36). 
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Table 1 Specific CTL activity generated in different groups of the trial 



Trial group, 

macaque 

number 



i.d./i.d. 



Time in trial 



6 weeks, 20 weeks, 26 weeks, 
2 weeks after 4 weeks before 2 weeks after 
second prime third prime third prime 



40 weeks, 
6 weeks before 
first boost 



48 weeks, 62 weeks, 68 weeks, 1 1 1 weeks, 

2 weeks after 4 weeks before 2 weeks after 43 weeks after 

first boost second boost second boost, first challenge 
day of first challenge 



i.d./prt 



i.d./rFPV 



g-g/gg- 
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CTL responses were measured after 2 weeks of re-stimulation. Herpes papio-immortalized B cell lines and recombinant vaccinia viruses expressing Gag, Env or Nef were used for 
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20^30%^ rM^^^^S^^ In conVuVVnTcTL «sa^ on'pBMCs from macaqu«'in7ected with live-attenuated viruses, CTL assays consistently scored higher than 
2. "Assay^ done at week 34. i.d., intradermal delivery of five vaccine DMAs; g.g., gene gun delivery of five vaccine DNAs; prt, Env protein in mcomplete Freund s adjuvant; rFPV ( 
three recombinant fowl pox virus vectors; cont., plasmid vector without a vaccine insert. . 



included one expressing Gag-Pol, one expressing Env, and one 
expressing Nef (ref. 28). Of each rFPV, 5 x 10 8 PFU were adminis- 
tered intramuscularly, for a total dose of 1.5 x 10 9 PFU. 

Antibody and CTL responses to the immunogens 

The different DNA priming and booster inoculations generated 
distinct patterns of antibody responses (Fig. 2). During the prim- 
ing phase of the immunizations, the intradermal DNA inocula- 
tions generated antibodies against Env that appeared earlier and 
rose to higher titers than the gene gun-generated antibody (geo- 
metric mean titers of 3.5 and 0.47 ug per ml, respectively; P = 
0.01, Mann-Whitney U test). The fourth and fifth intradermal 
DNA boosters failed to increase the levels of antibody above the 
peak primed response (Fig. 2a), whereas the gene gun DNA 
boosters increased specific antibody to a geometric mean titer of 
6.1 ug per ml (Fig. 2t/). The protein boosters generated the high- 
est titers of antibody achieving geometric mean titers of 43, 58 
and 71 ug per ml, or 20-30% of the level of antibody to Env pre- 



sent in a pooled serum from rhesus macaques chronically in- 
fected with SHIV-IIIb. The rFPV boosters were the least successful 
booster immunization for antibody. For the monkeys primed 
with DNA delivered intradermally, the first, but not the second 
rFPV booster, increased the levels of falling antibody (Fig. 2c). 
For the monkeys primed with DNA delivered by gene gun, low 
level increases in falling responses were observed for each of the 
rFPV boosts (Fig. 2/). Undetectable levels of anti-Env IgG were 
raised in the group receiving control DNA plus rFPV (Fig. 2ft). 

The frequency and activity of specific cytolytic T lymphocytes 
(CTLs) were low throughout the trial (Table 1). Of the 156 assays 
for CTLs, only 70 were positive. In these positive assays, Gag was 
a target in 39 assays; Nef, in 1 7; and Env, in 14. Analysis of a sub- 
set of monkeys demonstrated that the CTL activity was MHC- 
restricted and mediated by CD8* cells (data not shown). As an 
index for CTL activity, scores were assigned that reflected the 
presence and extent of CTL lysis; these scores were summed over 
time for the monkeys within a group. In the four assays before 
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Fig. 3 Levels of viral RNA in plasma after the first, second and third chal- 
lenges. Temporal levels of plasma viral RNA were determined using real-time 
PCR (ref. 31). a-l, first and second challenges; /, third challenge. Upper right 
corners, priming immunizations/booster immunizations: i.d., intradermal de- 
livery of five vaccine DNAs; g.g., gene gun delivery of five vaccine DNAs; prt, 
Env protein in incomplete Freund's adjuvant; rFPV, three recombinant fowl 
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pox virus vectors; cont, plasmid vector without a vaccine insert Symbols in- 
dicate order in group: O, first monkey in each group (macaques 1, 5, 9, 1 3, 
17, 21, 25, 29, 33, 37 and 39); □, second (2, 6, 1 0, 1 4, 1 8, 22, 26, 30, 34, 38 
and 40); A, third (7, 11, 15, 19, 23, 27, 31, 35 and 41); V, fourth (4, 8, 12, 
1 6, 20, 24, 28, 32 and 36). Levels of viral RNA below detection were scored as 
1 00; limit of detection, 300-1 ,000 copies of viral RNA per ml of plasma. 



the booster immunizations, specific cytolytic activity for the 
monkeys primed with DNA delivered by gene gun had a cumula- 
tive score of 32, compared with 23 for the monkeys primed with 
DNA delivered intradermally. At 2 weeks after the first booster, 
groups receiving the rFPV booster had the highest scores. After 
the second rFPV booster immunization, the lytic scores were 
lower than those after after the first boosters. On the day of the 
first challenge, only four monkeys had low levels of specific CTL 
activity (<10% lysis). These included three macaques in the 
group primed with DNA delivered intradermally and boosted 
with rFPV virus, and one monkey in the group primed with DNA 
delivered by gene gun and boosted with rFPV. No monkey re- 
ceiving control DNA vaccination had a positive CTL response at 
any time before challenge (data not shown). Concurrent assays 
for cytolytic activity using peripheral blood mononuclear cells 
(PBMCs) from macaques infected with live attenuated viruses 
consistently showed intermediate to high levels of lytic activ- 
ity 29 . Thus, the levels of vaccine-raised CTLs were lower and less 
consistent than those seen for live attenuated SIVs. 

First and second challenges: SHIV-lllb 

The first two challenges were with SHIV-lllb, a virus homologous 
to the immunogens. Ten macaque infectious doses of SHIV-lllb 
were administered intravenously at 2 weeks after the second 
booster immunization, a time when peak titers of neutralizing 
antibody were expected to be present 30 . Protection was evaluated 



by measuring virion-associated SIV RNA in plasma using a quan- 
titative real-time RT-PCR (ref. 31) and by determining the fre- 
quency of PBMCs that could initiate an infection when 
co-cultivated with CEMxl74 cells, a very susceptible cell line 32 . 
Monkeys were given subsequent challenges if plasma viral RNA 
could not be detected at any time after challenge and if only one 
co-cultivation assay showed low levels of infected cells. After the 
fust challenge, ten monkeys met these criteria for protection and 
were given a second SHIV-IIIb challenge 43 weeks after the first 
challenge. No booster immunization was given before the second 
challenge to allow assessment of the long term efficacy of the dif- 
ferent vaccine protocols against the homologous challenge. 

Unexpectedly, the intradermal DNA priming provided better 
containment of the SHIV-IIIb challenge than the gene gun DNA 
priming (P = 0.01, Fisher exact test) (Fig. 3). All four of the naive 
control monkeys had levels of plasma viral RNA greater than 1 x 
10 4 copies/ml. Six of the twelve monkeys primed with DNA de- 
livered intradermally had undetectable levels of plasma viral 
RNA after the first two challenges, whereas all of the monkeys 
primed with DNA delivered by gene gun had easily detected lev- 
els of viral RNA after the first or second challenge. The best con- 
tainment occurred in the group primed with DNA delivered 
intradermally and boosted with rFPV (Fig. 3c). After the first 
challenge, three members of this group had undetectable levels 
of plasma viral RNA, and the fourth had very low levels of viral 
RNA. Three of the monkeys receiving control DNA plus Env pro- 



NATURE MEDICINE • VOLUMES • NUMBER 5 • MAY 1999 



529 



ARTICLES 



Table 2 Detection of infection after challenge: cumulative levels of plasma viral RNA and cumulative number of 

co-cultivation-positive PBMCs ^ 



Croup/ 
macaque 

naive' 



id/i.d 



i.d./prt 



i.d./rFPV 



g.g./g-g. 



g.g./prt 



g.g./rFPV 



cont/prt 



cont/rFPV 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 



First SHIV-lllb challenge 
Viral RNA, Co-cultivation-positive 



copies" 

76,000 
61,700 
45,900 
27,200 
26,950 
10,800 

< 

< 

4,300 
1,100 

< 

< 

800 

< 
< 
< 

58,400 
29,250 
24,800 
2,550 
9,300 
7,750 
3,050 
< 

727,800 
30,900 
8,100 
1,450 
121,000 
< 
< 
< 

66,300 
57,850 
51,750 
18,800 



cells 4 

770 
743 
177,178 
6,615 
6578 
252 
41 
< 

29 
14 
< 
< 
41 
14 
9 
< 

<* 
14* 
243 
14* 

81 

<* 

14 

<* 
490 
246 

13 
246 

14 

14 
< 
< 
406 
3,281 

732 
1,098 



Second SHIV-lllb challenge 
Viral RNA, Co-cultivation-positive 
copies cells 

649,000 1 49 

135,000 8,751 



< 
< 

< 
< 
< 



78,000 



49 



752,600 
51,000 
4,900 



29,426 
136 
27 



Third SHIV89.6P challenge 
Viral RNA, Co-cultivation-positive 



copies 

2.6x10° 
0.3x10' 
2.7x10* 



24,000 



11,600 



cells 

83,455 
ND 
ND 



27 



9 

< 
56 



•Naive macaques are not numbered because different macaques were used to control for the three challenges. "Sum of the titers of plasma viral RNA/ml at 2 4, 8 and 20 
weeks after the first challenge; 2, 4, 8 and 1 6 weeks after the second challenge; and 2, 4 and 8 weeks aft ^ the third challenge. <, below 

Backgrounds for detection, 300-1,000. 'Sum of the co-cultivation-positive cells per 1 X10* PBMCs at 2, 4, 8 and 12 weeks after the first challenge; 2, 4 and 8 weeks after the 
second challenge; and 2 and 4 weeks after the third challenge. *, monkeys for which data for 4 weeks after challenge were not available. <, no cc^cultivation-positive cells 
detected in 1 X 10* PBMCs. -Monkeys given the transfusion test for detection of occult virus (Table 3).ND, not done; i.d., intradermal delivery of five vaccine DMAs; g.g., 
gene gun delivery of five vaccine DMAs; prt, Env protein in incomplete Freund's adjuvant; rFPV, three recombinant fowl pox virus vectors; cont., plasmid vector without a 
vaccine insert.. . . 



tein also had undetectable levels of viral RNA after the first chal- 
lenge. However, all of these were infected by the second chal- 
lenge (Fig. 3#). None of the monkeys receiving control DNA plus 
rFPV were protected against the first challenge (Fig. 3h). 

Assays for co-cultivation positive cells and anamnestic anti- 
body responses showed that monkeys that did not have de- 
tectable plasma viral RNA by PCR assay had sustained low levels 
of infection. After the first challenge, four of the eleven monkeys 
with undetectable levels of viral RNA had detectable levels of co- 
cultivation-positive cells and anamnestic antibody responses 
(Table 2 and Fig. 2). Three additional monkeys had detectable 
levels of anamnestic antibody responses (Fig. 2a, macaque V; 
macaques A and V). After the second challenge, two of the six 
monkeys with undetectable levels of viral RNA had low levels of 
co-cultivation-positive cells and anamnestic antibody responses 
(Table 2 and Fig. 2), and a third had an increase in antibody lev- 
els (Fig. 2c, macaque V). 



Third challenge: SHIV-89.6P 

The six monkeys that did not have detectable levels of plasma 
viral RNA after the first two challenges were challenged 19 weeks 
later with the highly virulent SHIV-89.6P virus. Two weeks after 
the SHIV-89.6P challenge, the naive control monkeys had un- 
dergone a precipitous decrease in their numbers of CD4* T cells 
(data not shown) and had very high levels of plasma viral RNA 
(Fig. 3/). All of the monkeys given the third challenge were pro- 
tected against the rapid loss of CD4* cells (data not shown). Four 
did not have detectable levels of viral RNA by PCR assay (Fig. 3/). 
Three of these did not have detectable levels of co-cultivation- 
positive cells (Table 2). The two monkeys that did have de- 
tectable levels of viral RNA by PCR assay had titers 0.001% those 
of the naive control monkeys. By 8 weeks after challenge, these 
two monkeys had reduced their levels of viral RNA to below 
background, whereas levels of viral RNA of greater than 1 x 10 6 
copies/ml persisted in the naive control monkeys. 
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and Env protein boosters as well as in the groups boosted with 
rFPV (Fig. 3 and Table 2). In the three groups primed with DNA 
delivered intradermally, six of twelve monkeys contained the 
first two challenges below the level that could be detected by 
RT-PCR assays for plasma viral RNA. In contrast, none of the 
monkeys primed with DNA delivered by gene gun were simi- 
larly protected. This difference in efficacy did not manifest it- 
self in before-challenge assays for CTL or antibody (Table 1 and 
Figs. 2 and 4) and would not have been realized in the absence 
of the challenges. One manifestation of the difference in effi- 
cacy was lower levels of plasma viral RNA per co-cultivation- 
positive cell in the monkeys primed with DNA delivered 
intradermally than in the groups primed with DNA delivered 
by gene gun (P < 0.03,Mann-Whitney U test) (Table 2). This 
could reflect the possibility that intradermal but not gene gun 
DNA inoculations prime T-cell responses with suppressive ac- 
tivity for HIV-1 infections. 

Assuming results can be extrapolated from murine to primate 
models, the difference in the efficacy of the responses primed 
with DNA delivered intradermally and by gene gun may be due 
to saline injections of DNA priming predominantly type 1 T-cell 
help, and gene gun deliveries of DNA priming predominantly 
type 2 T-cell help 36 . Differences in the type of a primed T-cell re- 
sponse are maintained during subsequent booster immuniza- 
tions or challenge infections 36 . Type 1 and type 2 T-helper cells 
express different patterns of lymphokines and chemokines and 
are associated with distinctive CTLs (refs. 37,38). Differences in 
these two types of immune responses could have profound ef- 
fects on the ability of cell-mediated immune responses to con- 
tain immunodeficiency virus challenges. 

Different aspects of the immune response seemed to play dif- 
ferent parts in the control of the immunodeficiency virus chal- 
lenges in the different sections of the trial and for the different 
challenges within a section. This is consistent with multiple as- 
pects of immune responses having the potential to contribute 
to protective immunity 39 . At the time of the first challenge, an 
apparently cell-mediated protection (in the absence of -de, 
tectabie levels of neutralizing antibody) occurred in the rFPV- 
boosted group of the monkeys primed with DNA delivered 
intradermally (Fig. 4). In the groups not boosted with rFVP, 
containment was more likely in monkeys that had intermedi- 
ate-to-high levels of neutralizing antibody than in monkeys 
W^rfetgh, d,,.™., p,o,o<:ol S to, »acc,„,,,.n a g ains, ,„v j'T^rS 'il^Z. 



Neutralizing antibody 

Neutralizing antibody was present at different titers in the dif- 
ferent sections and phases of the trial (Fig. 4). On the day of the 
first challenge, low-to-undetectable levels of neutralizing anti- 
body were present in the group primed with DNA delivered in- 
tradermally and boosted with rFPV. In contrast, in the group 
primed with control DNA and boosted with Env protein, neu- 
tralizing antibody approximated the titer of 200, which is con- 
sidered a correlate of protein-raised protection against SHIV-IIIb 
(ref. 33). In the groups primed with vaccine DNAs and boosted 
with protein or DNA, titers of neutralizing antibody ranged 
from intermediate to low. For monkeys given the second chal- 
lenge, titers of neutralizing antibody against SHIV-IIIb on the 
day of challenge were both higher and lower than those on the 
day of the first challenge for the three groups of monkeys 
primed with DNA delivered intradermally, but were consis- 
tently lower for the monkey primed with DNA delivered by 
gene gun and boosted with protein, and monkeys receiving 
control DNA and protein boosters. On the day of the third chal- 
lenge, none of the monkeys remaining in the trial had de- 
tectable levels of neutralizing antibody for SH1V-89.6P. 

Transfusion test 

At 8 weeks after the third challenge, 10 ml of whole blood from 
the four macaques with undetectable levels of infection (Table 
2, macaques 7, 8, 10 and 11), were transfused into naive 
macaques to see if an occult infection could be transmitted 
(Table 3). Not unexpectedly, macaque 10, which had co-cultiva- 
tion-positive cells at two weeks after the SHIV-89.6P challenge 
transmitted SHIV-89.6P. However, unexpectedly, macaque 7 
that had neither detectable levels of viral RNA nor co-cultiva- 
tion-positive cells for SHIV-89.6P transmitted the earlier SHIV- 
IHb challenge virus. This macaque had transient low levels of 
co-cultivation-positive cells (9 cells per 1 x 10 6 PBMCs) at 2 
weeks after the second challenge but never had detectable levels 
of plasma virus RNA (Table 2). Macaque 8, which transiently 
had co-cultivation-positive cells for SHIV-IIIb after the second 
challenge, did not transmit SHIV-IIIb. Macaque 11, which tran- 
siently had co-cultivation-positive cells for SHIV-IIIb after the 
first challenge, also did not transmit SHIV-IIIb. 

Discussion 



tralizing antibody. This very promising protocol consisted ofm 



tradermal DNA priming followed by rFPV booster 
immunizations (Fig. 3 and Table 2). The presumably cel- 
lular immune responses that mediated protection were 
at levels close to those considered 'background' in our 
assays for CTLs (Table 1), and were well below the level 
of CTLs in concurrent assays conducted on rhesus 
macaques infected with live attenuated SIVs (ref. 29). 
This raises the possibility that the protective response 
might have been mediated by a nonlytic T-cell activity. 
Two types of T-cell-mediated anti-immunodeficiency 
virus responses have been reported: a cytolytic, MHC-I- 
restricted activity, and a nonlytic, secreted activity that 
suppresses HIV-1 infections 34,35 . 

Intradermal DNA priming was more effective than 
gene gun DNA priming in raising protective responses 
(P = 0.01). This was seen in the groups receiving DNA 
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Table 3 Use of blood transfusions to test for the presence of infection in 



Donor macaque 


History of after-challenge 
virus recovery for donor, 
(RT-PCR/co-cultivation) 


Infection of 
recipient 


Proviral V3 region 
of infecting virus' 




First 
lllb 


Second 
lllb 


Third 
89.6P 






vaccinated 

7 

8 

10 
11 


-/- 
-/- 
-/+ 
-/+ 


-/+ 
-/+ 
-/- 
-/- 


-/- 
-/- 
-/+ 
-/- 


yes 
no 
yes 
no 


SHIV-IIIb 
SHIV89.6P 


Control 
39 






+/+ 


yes 


SHIV-89.6P 



• -, failure to detect proviral DNA in PBMCs by PCR. lllb, SHIV-IIIb; 89.6P. SHIV-89.6P. 
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Fig. 4 Titers of neutralizing antibody for the chal- 
lenge virus on the days of the first, second and third 
challenges. Neutralizing antibody responses are the 
reciprocal of the serum dilution giving 50% neutral- 
ization of SHIV-illb (a and b) or SHIV-89.6P (c) using 
a cell-killing assay and neutral red staining 49 . Symbols 
indicate order in group: O, first monkey in each 
group (macaques 1, 5, 9, 13, 1 7, 21 , 25, 29, 33, 37 
and 39); □, second (2, 6, 10, 14, 18, 22, 26, 30, 34, 
38 and 40); A, third (7, 11, 15, 19, 23, 27, 31, 35 
and 41); V, fourth (4, 8, 12, 16, 20, 24, 28, 32 and 
36); Open symbols, infected monkeys; filled symbols, 
monkeys with strongly contained infections. 
Horizontal dotted lines, the limit of detection for the assay; horizontal 
dashed lines, titer of neutralizing antibody that correlates with protec- 
tion against the SHIV-lllb challenge in SHIV-lllb Env protein-immunized 
monkeys". Below graphs, priming immunizations/booster immuniza- 



First, SHIV-lllb 



Second, SHIV-lllb 



Third, SHIV-89.6P 




id/prt 



id/td id/rfPV 



gg/gg gg/rFPV cont/rf PV 



gg/prt 



oont/prt 



id/prt gg/prt 
id/id ti/rFPV 



oont/prt 



id/id id/rFPV 
id/prt 



tions: i.d., intradermal delivery of five vaccine DNAs; g.g., gene gun de- 
livery of five vaccine DNAs; prt, Env protein in incomplete Freund's adju- 
vant; rFPV, three recombinant fowl pox virus vectors; cont., plasmid 
vector without a vaccine insert. 



with protein and in the three monkeys primed with control 
DNA and boosted with protein, which had contained the first 
challenge. All four of these monkeys were infected by the sec- 
ond challenge virus. However, monkeys primed with DNA de- 
livered intradermally that had titers of neutralizing antibody 
overlapping those of the monkeys primed with control DNA 
and boosted with protein contained the second challenge, and 
were presumably protected by cell-mediated responses as well 
as neutralizing antibody. By the third challenge, a neutralizing 
antibody-independent, presumably cell-mediated containment 
of the SHIV-89.6P challenge seemed to be occurring in mon- 
keys from all three of the groups primed with DNA delivered 
intradermally (Fig. 4 and Table 2). 

In the monkeys primed with DNA delivered intradermally, 
protective cell-mediated immune responses are likely to have 
been boosted by the challenge infections (much as they were 
boosted by the rFPV infection). These protective boosters were 
not observed in the groups primed with gene gun DNA or con- 
trol DNA. This may reflect the live virus challenge boosting 
protective cell-mediated responses only in those groups in 
which protective cell-mediated responses had been primed. 
The putative booster immunizations differed from infection 
with SHIV-IIIb in their very low levels of virus replication. 
Infection of naive monkeys with SHIV-IIIb resulted in 
27,000-649,000 copies of viral RNA and 149-177,000 co- 
cultivation-positive cells (Table 2). By contrast, the putative 
SHIV-IIIb boosters were accomplished with levels of infection 
that did not have detectable levels of plasma viral RNA and had 
£ 14 co-cultivation-positive cells (Table 2). These levels of 
infection are below the threshold of infection required for pro- 
tection by live attenuated vaccines 40 and would not have pro- 
vided containment in the absence of a vaccine-primed immune 
response. 

The raising of protective cell-mediated responses by DNA 
primes and pox virus booster immunizations has precedence in 
studies in mice and macaques 41 " 43 . In these studies, the DNA 
prime was hypothesized to focus the immune response on the 
desired antigens, whereas the recombinant pox virus booster 
immunization was hypothesized to boost this response, both 
by the expression of higher levels of the recombinant antigen 
and the immunostimulatory activity of a pox virus infection. 
Our results contrast with those of a study in which gene gun 
DNA priming and rFPV booster immunizations protected three 
pig-tail macaques against an HIV-1 challenge 43 . In this highly 
attenuated infection (a maximum of 300 copies of viral RNA in 
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the naive control monkeys), gene gun DNA priming plus rFPV 
boosting may be able to afford protection against an immunod- 
eficiency virus challenge. 

Unlike antibody that can prevent infection, cell-mediated 
immune responses act after infection, and thus afford imuno— 
deficiency virus infections the opportunity to establish proviral 
DNA. A transfusion test at the end of the trial showed an other- 
wise undetected SHIV-IIIb infection in one of four monkeys 
tested (Table 3). In this monkey, the last SHIV-IIIb challenge 
had been 27 weeks before the transfusion. This monkey had 
never tested positive for plasma viral RNA and had shown low 
levels of co-cultivation-positive cells only once, at 25 weeks be- 
fore the transfusion (Tables 2 and 3). This result indicates that 
HIV-1 vaccines that operate after infection, despite even very* 
low levels of infection (below those able to be detected by RT- 
PCR), will not prevent the long term persistence of virus and : 
the potential for re-emergent virus 44 . 

The ability to achieve stringent containment of serial SHIV 
challenges using intradermal DNA priming and recombinant 
pox virus boosters holds promise for the development of a vac- 
cine capable of considerably reducing viral replication and thus 
stemming the transmission of AIDS. This vaccine would be ef- 
fective against a diversity of isolates because of its ability to 
raise neutralizing antibody-independent containment of infec- 
tions. If our hypotheses are correct, the boosting of responses 
by challenge infections should bolster the effectiveness of the 
vaccine in the high-risk populations, which are the chief source 
of transmission. 

Methods 

Vaccine trial. For intradermal immunizations, 500 \ig of each DNA was ad- 
ministered in four 1 00-u.l inoculations in the skin of the upper back for a 
total of 20 injections and 2.5 mg DNA per time point. For the gene gun in- 
oculations, 4 \ig of each DNA was bombarded at 350 psi in eight shots, 
each containing 0.5 mg of gold, into shaved abdominal skin, for a total of 
20 ug and 40 gene gun deliveries of DNA per inoculation. The protein 
boost consisted of 1 00 jjig of the full-length Env of HIV-1 -II lb (ref. 27) in in- 
complete Freunds adjuvant, administered in two 0.5-ml inoculations, one 
in each biceps. Of each of three rFPV expressing Gag-Pol, Env or Nef (refs. 
28,45), 5 x 10* PFU were mixed in 1 ml and delivered in two 0.5-ml injec- 
tions, one to each biceps, for a total dose of 1.5 x 10 9 PFU. Care of the 
macaques was in accordance with institutional guidelines for the care and 
use of experimental animals. 

Immunogens. A vaccine plasmid called pRS102 expressed SIVmac239 Gag 
and Pol proteins. The vaccine insert for pRS102 comprised a Kozak se- 
quence, the SIV239 gag-pol region (nucleotides 1309-5753) and the 
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Mason-Pfizer Monkey virus cytoplasmic transport element. This insert was 
cloned into the Hind\\\ and Nhe\ sites of the eukaryotic expression vector 
p|W4303, and expression in transiently transfected COS cells was verified. 
P|W4303 was provided by J.I. Mullins (University of Washington, Seattle). A 
vaccine plasmid called pCMV/nef comprised the Pst\-Stu\ Nef-encoding 
fragment of clone BK28 inserted into pCMVS (ref. 46), and was provided by 
G. viglianti (Department of Microbiology, Boston University School of 
Medicine, Boston, Massachusetts). The p|W4303/HXB-2.dpot, 
p|W4303/HXB-2.gp140 and p)W4303/HXB-2.gp120 vaccine plasmids 
have been reported 10 . 

Assays for EUSA antibody. The titers of anti-Env IgC in macaque sera were 
determined using an EUSA with affinity-purified sheep antibody against Env 
(catalog number 6205; International Enzymes, Fallbrook, California) to cap- 
ture the gp1 20 form of a IIIB Env. Cp1 20 was produced using recombinant 
vaccinia virus vPE-50 (ref. 47). A standard curve was made using pooled sera 
from SHIV-lllb-infected macaques whose anti-Env IgC concentration had 
been determined to be about 210 ug/ml. Sera were assayed at threefold di- 
lutions in duplicate wells. Biotinylated anti-human IgG (H and L) and horse 
radish peroxidase-conjugated strepavidin (Vector Laboratories, Burlingame, 
California) were used to detect bound IgC. Standard curves were fitted and 
sample concentrations were interpolated as ng per ml of sera using 
SOFTmax 2.3 software (Molecular Devices, Sunnyvale, California). 

Blood transfusion assay. At 8 weeks after the third challenge, 10 ml of 
whole blood was transfused into naive recipients to test whether virus that 
could not be detected by co-cultivation or RT-PCR could be transmitted. 
Three naive monkeys challenged with SHIV-89.6P were used as positive 
controls. Transfusion recipients were tested over a 3-month period for in- 
fection by testing for 'antigenemia' and by co-cultivation of PBMCs with 
CEM-X1 74 cells at 0, 2, 4, 8 and 1 2 weeks after transfusion. The presence of 
virus was assayed using an antigen-capture EUSA for the p27 Cag protein 
of SIV (Coulter, Hialeah, Florida).The identity of viruses transmitted was 
tested by PCR amplifying and sequencing the C2V3C3 region of the provi- 
ral DNA in the PBMCs of recipient macaques* 8 . 

Statistical analyses. The Mann-Whitney U test was used to evaluate be- 
tween-group differences in antibody titers or levels of plasma virus RNA per 
co-cultivation-positive cell. The Fisher exact test was used to examine differ- 
ences in the frequency with which different trial groups contained viral in- 
fections. A type I error rate of 0.05 (two-tailed) was adopted as the criterion 
of significance for statistical inference. 
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Given the mucosal transmission of HIV-1, we compared whether a mucosa! vaccine could Induce 
mucosal cytotoxic T lymphocytes (CTLs) and protect rhesus macaques against mucosal Infection 
with simian/human Immunodeficiency virus (SHIV) more effectively than the same vacdne 
given subcutaneousfy. Here we show that mucosal CTLs specific for simian Immunodeficiency 
virus can be Induced by Intrarectal Immunization of macaques with a synthetk-peptlde vacdne 
Incorporating the LT(R192G) adjuvant. This response correlated with the level of T-helper re- 
sponse. After Intrarectal challenge with pathogenic SHIV-Ku2, viral titers were eliminated more 
completely (to undetectable levels) both In blood and Intestine, a major reservoir for virus repli- 
cation, in intrarectal!/ Immunized animals than In subcutaneously Immunized or control 
macaques. Moreover, CD4* T cells were better preserved. Thus, Induction of CTLs (n the Intesti- 
nal mucosa, a key site of virus replication, with a mucosal AIDS vacdne ameliorates Infection by 
SHIV In non-human primates. 



The mucosal surface is a major natural route of HIV-1 entry and 
the gut is a major site of HIV and simian immunodeficiency virus 
(SIV) replication^ ThusTa "successful HIV/SIV vaccine will likely 
need to induce mucosal immunity". Recent studies** of viral 
mucosal transmission Indicate that cytotoxic T lymphocytes 
(CTLs) are an important component of the mucosal Immune bar- 
rier. Therefore, we investigated whether CTLs generated In the 
gut mucosa by mucosal immunization may be more effective 
than CTLs generated elsewhere by systemic immunization. 

In previous murine studies, we designed and tested prototype 
HIV synthetic-peptide vaccines consisting of a multideterminant 
peptide containing a duster of overlapping helper epitopes (a 
cluster peptide) 10 colinearly synthesized with an epitope for neu- 
tralizing antibodies and CTLs (refs. 3,11). This peptide vaccine 
elidted neutralizing antibodies, CTLs and helper T cells 12,13 as did 
a similar vacdne studied by others in mice and monkeys 14 " 14 . This 
vaccine, with cholera toxin (CT) adjuvant, was more effective 
given intrarectally than intranasally or intragastrically in eliciting 



both mucosal and systemic CTLs (ret 2). Intrarectal immuniza- 
tion generated strong CTL responses in both mucosa and spleen, 
whereas subcutaneous (s.c) Immunization elidted only systemic 
CTLs (ref. 2). Such compartmentalization was also seen in mice 
by others 17 , but has not been demonstrated in primates. 
Intrarectally immunized mice were resistant to mucosal transmis- 
sion of a recombinant vaccinia expressing HIV-1 gpl60 
(vPE16) w . Protection was CD8-dependent and required CTL in 
the mucosa 6 , suggesting that to prevent mucosal transmission, an 
AIDS vaccine would need to induce CTL in the mucosa itself. 

Here we investigated whether these results would translate to 
retroviral infection in non-human primates. Mucosal and sys- 
temic immunization with the same AIDS vaccine have not been 
compared previously side-by-side in primates, and the role of gut 
mucosal CTL in clearing virus from this major SIV reservoir has 
not been examined. We again used a peptide vaccine to avoid 
viral vectors that might spread when comparing routes to deter- 
mine the impact of CTL on a limited number of epitopes, and to 
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"avoid inducing enhancing antibodies. We made analogous pep- 
tide vaccines, that had the same helper cluster peptide segments, 
but with several CTL epitopes from SIV Gag and Pol presented by 
the rhesus major histocompatibility (MHC) class I molecule, 
Mamu-A*01 (rets. 18-20) (Fig. 1). The cluster helper peptides 
were broadly recognized by helper T cells from humans, mice and 
macaques 34 * 12 (and data not shown). All the animals except the 
controls received a mixture of all 4 peptides. As a less toxic adju- 
vant, we substituted for CT a mutant E. coll labile toxin 
LT(R192G) 21 ' 22 , that we had found more effective in inducing a 
Thl cytokine pattern and stronger CTL response 7 . For compari- 
son with animals immunized intrarectally with peptides and 
LT(R192G) (group C), other animals were Immunized s.c. with 
the peptides In Montanide ISA 51 (ref. 13) (group B), 
or intrarectally with LT(R192G) alone (group A) (Fig. 
1). For intrarectal challenge, we chose simian/human 
immunodeficiency virus (SHIV)-Ku2 (refs. 23,24), a 
pathogenic strain expressing HIV-1 LIB gpl60, includ- 
ing the helper epitopes, and SIV Gag and Pol, includ- 
ing the CTL epitopes. 



Fig. 1 Synthetic HIV/SIV vaccine constructs used for the immunizations, and 
scheme of immunization and challenge, a. Peptide vaccine constructs. The 
helper portion is underlined. A mixture of all 4 peptides was used in all the 
immunized animals. 6, Scheme of immunizations and chaBenge, and 
groupings of Mamu-A*01 -positive macaques. 



and PBMCs (Fig. 2). These animals also had CTLs to the Pol and 
other Gag epitope in the MLN (Fig. 2) and similarly in ALN (data 
not shown). Although macaques 697L and 698L failed to mani- 
fest a response against Gag 181 CLIO in any tissue, macaque 698L 
did mount a strong CTL response in the MLN (Fig. 2) and ALN 
(data not shown) against the SIV Gag 372 epitope, which was also 
part of the vaccine. Overall, SIV-specific Mamu-A*01 -restricted 
CTLs were found both in mucosa and in systemic lymphoid tis- 
sues of four of five macaques given two cycles of intrarectal vac- 
cine. 

All four macaques (701L-704L) given two cycles of s.c. vaccine 
displayed substantial CLIO SIV Gag-specific CTLs in the ALN, and 
in the two macaques with the highest of these responses (70 1L 
and 702L), in PBMCs and the MLN as well (Fig. 3). These latter 
two macaques also responded to the Gag 372 and the Pol 143 epi- 
topes in the ALN (Fig. 3). However, none of the control macaques 
(group A) exhibited CTL responses in any tissue (data not 
shown). 

To further evaluate the CTL responses in Immunized 
macaques, we quantified the number of CLIO Gag-specific CD8* 
T cells by stimulating in vitro with CLIO Gag-specific peptide and 
analyzing the CD8* CD3-gated T cells by flow cytometry using 
Mamu-A*01/C9M tetramers. Although the number of tetramex- 
positive cells in freshly isolated tissues from immunized animals 
was not significantly greater than in control animals (data not 
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Induction of mucosal CTLs and helper T cells In primates 
We first compared the CTLs and helper responses to 
the peptide vaccine delivered mucosally or s.c. after 
each immunization cycle (Fig. 1). After the first cycle, 
three of five intrarectally immunized macaques (group 
C) (694L, 698L, and 699L) had CTLs specific for the 
immunodominant Gag*81 CLIO SIV (CTPYDINQML) 
epitope in mesenteric lymph nodes (MLN), and in two 
animals we obtained a large enough colonic biopsy to 
measure modest CTL responses in the colon (data not 
shown). All four s.c.-immunized macaques (group B) 
had substantial CLIO-specific CTLs in the axillary 
lymph nodes (ALN), and two had these CTLs in pe- 
ripheral blood mononuclear cells (PBMCs). Thus, one 
cycle of four intrarectal doses did not induce any 
higher a CTL response than four s.c. doses in the re- 
spective target sites of each immunization route. 

However, after two cycles of four intrarectal vaccine 
doses, three of the five macaques (694L, 695L and 
699L) made substantial Gag CLIO SIV-specific CTL re- 
sponses in the MLN and colonic lamina propria as 
well as in systemic lymphoid tissues, that is, the ALN 
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Fig. 2 Induction of CTLs specific for SIV Cag CL1 0, Cag 372 or Pol 1 43, as Indicated, 
in MLN, colonic lamina propria, PBMCs and ALN of group C macaques after 8 in- 
trarectal Immunizations with HIV/SIV peptide and LT(R192G). lysis of targets 
with specific peptide; □, lysis of control targets without peptide. E:T, effector to tar- 
get ratio. 
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Rg. 5 Intrarectal and s.c. immunization of macaques with HIV/STV pep- 
tide vaccine differentially protect against intrarectal challenge with path- 
ogenic SH!V-Ku2. o-c, Viral load is expressed as viral RNA copies per ml 
plasma (by NASBA assay) versus time after challenge for macaque groups 
A-C. a. Croup A, immunized intrarectal^ with LT(R192C) only. •, 745U* 
+, 7461; A, 747L b t Croup B, Immunized s.c with HrV/SIV peptides in 
Montanide ISA51 . A, 701 L; +, 7021; 7031; +, 704L c, Croup C, In- 
trarectalry immunized with the HIV/SIV peptides plus LT(R192G). 

6941; A, 6951; O* 6981; #, 697L By a non-parametric repeated mea- 
sures AN0VA* intrarectal group C viral titers were significantly lower than 
those of s.c. group B (P= 0.01 3), the critical comparison, and showed a 
trend toward difference from those of group A (P = 0.14), whereas s.c. 
group B was not significantly different from control group A (P = 0.92). 
Examining onfy macaques with detectable vfremta, as the Unetics of viral 
load could not be followed in the two others, the significance levels Im- 
proved for group C versus A (P < 0.01 ), and the differences remained sig- 
nificant for group C versus B (P = 0.031 ) and not significant for group B 



versus A (P » 0.65). The overall comparison of A versus B versus C was sig- 
nificant (P = 0.01 7). d. Typical time-course of mean viral load in the 
vlremic subset macaques of groups A (drcles), B (triangles), and C 
(squares), curve-fit as described in the Methods. Fit parameters: group A, 
b = 0.076, c =* 0.0005; group B, b » 0.071, c = 0.0003; group C, 
b = 0.0693. Log(V) is log w of the viral load. *, Time-course of mean 
CD3XD8* T ryrnphocyte counts per uJ In the subsets of macaques In 
groups A (O), B (A), and C (■) that were actually vlremic, parallel to d. 
f and g, At the several time- points during the steady- state phase of the 
infection process (35-1 76 d), PBMCs were analyzed by FACScan for the 
absolute number of CD3*CD8* or CD4+ ceUs per ml, and plotted as a scat- 
ter diagrams comparing group C (■) with group A (O) In for with group 
B (A) in g. In both cases, In the vertical dimension, group C exhtofted 
larger numbers of CD3*CD4* cefls than groups A or B (P « 0.005 and P*= 
0.004, respectively, by the Mann-Whitney test). The absolute numbers of 
CD3XD8* cefis were higher in group C than group A(P= 0.01), but not 
significantly different between group C and group B. 



The outcome of SHIV Infection in Intrarectally immunized 
macaques (group C) differed substantially from the s.c. immu- 
nized (group B) or control macaques (group A). In the peak viral 
load, the differences between groups were not statistically signifi- 
cant (Fig. 5d-c). However, in all the group C macaques that be- 
came vlremic, the viral load decreased substantially between days 
20 and 70 after challenge, and the viral load reached a 'set point* 
below the level of detection (2000 mRNA copies/ml) before day 
80. By contrast, in group B, one animal had a set point greater 
than 1 x 10 s copies per ml; two fluctuated between 2 x 10 s and 3 x 
10 4 copies per ml; and one fluctuated up to 1 x 10* on day 63, but 
fell below the detection limit after day 70 (Fig. 5o-c). 

Statistical analysis showed that the concentration of SIV 
mRNA in the circulation dropped with similar half-lives (t^ of 
10 days, 9.8 days and 9.2 days in groups C, B and A, respec- 
tively); however, in macaques immunized intrarectally, viral 
mRNA fell to an undetectable level by day 63, and remained un- 
detectable subsequently (Fig. 5d). At day 63, early in the set- 
point, groups B and C were statistically different according to 
the Wilcoxon rank-sum test (P < 0.05). Moreover, the viral loads 
at all time points measured during the steady-state or set-point 
phase (days 63-200) showed a significant difference between 
the intrarectal group C and the s.c. group 8 by a non -parametric 
repeated measures ANOVA 26,27 (see Fig. 5 legend). This compari- 
son remained statistically significant even when the number of 
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time-points in the analysis was reduced. Thus, despite small 
sample sizes, these results suggest that mucosal immunization 
was more effective than s.c. immunization. 

In addition to plasma viral load, we also assessed the number of 
both CD4* and CD8* T cells and clinical course. The former was 
assessed by plotting scatter plots of the absolute number of CD4* 
and CD8* T cells in all peripheral blood specimens taken at vari- 
ous times starting on day 35 after viral challenge in all vlremic - 
macaques. By inspection, CD4 counts for group C are mostly 
higher than those for group A (Fig. Sf,P = 0.005) or group B (Fig. 
S&P= 0.004). Although CD8* T-cell counts differed less (horizon- 
tal axis), some expansion of CD8* T cells was noted in a kinetic 
plot (Fig. 5e). Clinically, in each of groups A and B the animal 
with the highest viral load developed evidence of opportunistic 
infection (746 L, gingivitis and pneumonia; 704L, severe gingivi- 
tis, blepharitis, facial dermatitis and pathologic evidence of pul- 
monary Pneumocystis). None of the animals in group C showed 
evidence of AIDS- like illness. 

Two hundred days after SHIV-Ku2 virus challenge, we killed 
the macaques and determined CTL responses in colon and ALN, 
and viral loads in gut tissue. We could measure CTL activity in 
freshly obtained cells without stimulation in vitro, as has been 
seen in HIV infection 28 . Notably, compared with control target 
background, intrarectally immunized group C macaques that ex- 
hibited viral set-points below the level of detection (694L, 695L 
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Fig. 6 Intrarectal peptide vaccine was more effective than s.c peptide vac- 
cine at priming colonic CTLs for a secondary response induced by challenge 
infection with SHIV, and clearing virus from the gut Intestinal tissue and 
ALN were obtained at the time of necropsy, 200 d after the challenge with 
pathogenic SHIV-ku2. a and b, Freshly isolated lymphocytes from colonic 
lamina propria (a) and ALN (b) were used as effector cefts, without restimu- 
tatkxi in vitro, at an effector-to-target ratio of 100:1 . Results show specific 
lysis of peptkJe-pubed targets less that of control unpubed targets, cand 4 
Viral RNA load in the colon (c) and jejunum (d) were determined on tissues 
obtained at the same time-point. The lower limit of detection was 2000 
copies per 6 mg tissue, corresponding to a log l0 value of 33 on the ordi- 
nate. In the colon (c), although the numbers are small, group C differs sig- 
nificantly by the x 2 median test from group A (P = 0.01 4) and from group B 
(P = 0.005). In the jejunum (d), group C is different from A (P = 0.008) and 
from group B (P = 0.05). In all cases, groups A and B are not significantly 
different from each other. 



and 698L) consistently exhibited substantially higher CLIO SIV 
Gag-specific CTL activity in the colon than s.c. immunized group 
B macaques (Fig. 6a), and control group A had almost none. In 
contrast, while CTL levels in ALN were also increased after viral 
challenge, in this case the increase in both groups was equiva- 
lent. In both cases, macaques that made a strong CTL response 
after vaccination were the ones that showed activity ex vivo 200 
days after viral Infectfon. these results suggest that the vacdne- 
primed CTL memory cells were reactivated by the SHIV infection, 
as recently reported for a DNA vaccine 29 . 

These data suggest an explanation for the lower plasma set- 
points in the intrarectally immunized macaques as the gut mu- 
cosa is a major site of viral replication 1 ; we therefore hypothe- 
sized that higher levels of CTLs at this site might lead to better 
control of infection. Such control of virus in the gut mucosa has 
not been previously examined. To test this new hypothesis, we 
measured virus levels in the colon and jejunum at the time of 
necropsy, 200 days after challenge (Fig. 6c and </). Notably, none 
of the group C animals had detectable virus (< 2000 copies) in 
colon or jejunum, whereas the group A and B animals all had lev- 
els 10-100-fold over the detection limit (except for animal 703L, 
that also had the lowest plasma viral load in group B). Thus, the 
difference in viral load in the major gut reservoir is even more 



pronounced than the difference in viremia. Group C was signifi- 
cantly different from groups B and A (see figure legend). In the 
colon, virus levels were largely inversely related to CTL levels (Fig. 
6a and c). These results indicate that the better control of plasma 
viremia in the intrarectally immunized macaques was mediated 
by a higher level of CTLs in the gut. Virus was more effectively 
cleared from this major site of replication, which seeds the blood 
stream. This key role of gut mucosal CTLs in control of HIV/SIV 
infection has not been previously recognized. 

Discussion 

In these studies we demonstrated by several independent criteria 
that intrarectally administered synthetic multiepitope HIV/SIV 
peptide vaccine with mutant LT (R192G) as an adjuvant induces 
a mucosal CTL response. This novel vaccine provided better pro- 
tection against intrarectal SHIV infection than a s.c.-administered 
vaccine comprising the same peptides that induce as high or 
higher systemic CTL responses. Reduction of viremia correlated 
with preservation of CD4 + T-cell counts, with post-infection CTL 
activity In the gut and with clearance of SHIV from the gut mu- 
cosal tissues. These data represent the first evidence from non- 
human primates for the concept that HlV/SIV-specific CTL 
responses in the mucosa are at least as important as systemic 
CTLs in protection against HIV/SIV infection. This is not only be- 
cause of the importance of mucosal transmission, but also be- 
cause the gut is a major reservoir of virus. This fundamental 
concept will be important for the optimal design of effective 
AIDS vaccines. 

Neither of the immunization regimens led to CTL responses 
sufficient to reduce initial viral expansion and dissemination. 
Nevertheless, intrarectal immunization with the peptide vaccine 
did have a positive impact on infection during the plateau phase, 
in that the set point actually dropped below the level of detec- 
tion. The difference in viremia between intrarectal and s.c. 
groups was significant whether or not one included the two ani- 
mals that never became viremic, although without these two, the 
smaller number of animals reduced the power of the test and 
made the difference, although still significant, statistically less ro- 
bust Because these animals had no detectable immune response, 
their lack of viremia is likely due to inadequate intrarectal chal- 
lenge, and in any case, prevented study of the kinetics of their 
viremia. 

Intrarectal immunization also led to greater preservation of 
CD4 + T cells than s.c. immunization. This is another measure of 
infection outcome, independent of viral load, indicating that in- 
trarectal immunization is superior to s.c immunization in pro- 
tection against intrarectal infection. 

We hypothesize that rectal immunization with peptide vaccine 
was able to greatly reduce viral replication in the main site of viral 
burden, the mucosal tissues, because mucosal immunization in- 
duced mucosal memory CTLs. Indeed, protection correlated best 
with CTLs present in the colon after challenge, and the difference 
between intrarectal and s.c. immunization in reducing viral bur- 
den in the gut was even more pronounced than that in plasma 
(Fig. 6). A recent study of a systemically administered DNA vac- 
cine showed a similar reduction in plasma viral set-point, but 
only when given with a chimeric interleukin-2/immunogloblulin 
construct 29 . Mucosal immunization may achieve the result with- 
out cytokine amplification because it focuses the CTLs In the 
major site of viral replication. Other studies have shown that ani- 
mals previously infected with SIV, which is known to infect the 
gut and could induce mucosal immunization, were protected 
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against mucosal transmission of SIV (refs. 8,30). Murphey-Corb et 
a/. 8 found that during SIV infection, protection correlated in 
some animals with CTLs in the jejunum. Targeted iliac lymph 
node immunization has also protected against mucosal SIV infec- 
tion (ref. 4) A recent study of DNA/modified vaccinia Ankara 
(MVA) prime-boost strategy also showed reduction of viral load 31 . 
Here we establish the importance of mucosal Immunization by a 
direct comparison of mucosal and systemic immunization 
against SIV /HIV in a primate, and by examining the effect on 
viral levels in the gut reservoir. 

Such focusing of CTLs in the gut tissues where HIV and SIV 
replicate depends not only on immunization through a mucosal 
route, as we have done, but also on the existence of a compart- 
mentalized mucosal CTL response. We 132 and others 17 have seen 
this compartmentalization in mice, but not in primates. This 
asymmetry in trafficking suggests that mucosal immunization, 
which can induce CTLs in both compartments (in contrast to sys- 
temic immunization), may be effective at eliminating both sys- 
temic as well as mucosal virus. Our results also suggest that this 
compartmentalization applies to non-human primates, although 
definitive proof is lacking because we could not obtain colonic 
biopsies from the s.c.-lmmunized macaques before challenge. 
Furthermore, post-challenge CTL responses in the colon were 
higher in the intrarectally immunized group than the s.c. group. 
Because the control-infected animals had almost no specific 
colonic CTLs, such CTLs likely represent in part a secondary re- 
sponse induced by infection but dependent on priming by the 
vaccine Thus, these data provide further evidence for more effec- 
tive priming of gut CTLs by mucosal immunization. 

It is becoming dear that the outcome of SFV/HIV infection de- 
pends on the interplay of the CD4* T-helper function and the 
preservation of CD8 + CTL function 53 . With regard to the need for 
helper T-cell induction by vaccines, we and others have demon- 
strated the importance of a linked helper epitope for CTL induc- 
tion in mice 3 " 6 , but the requirement for help to induce CTLs is 
not known in primates. Thus, our results are important in show- 
ing that SlV-spedfic CTL activity correlated with the HIV helper 
epitope-specific T-cell proliferative activity, not previously re- 
ported in a primate. 

We are not convinced that we have optimized mucosal immu- 
nization. We used mutant £. coli labile toxin LTCR1926) 2 * as an al- 
ternative adjuvant to the more usual CT, because it is less toxic 
and does not inhibit endogenous interleukin-12 production as 
does CT (refs. 7,37). It is also apparent that we had to vary the ad- 
juvant at the same time we varied the Immunization route. A re- 
cent study by Allen et a/. 3 * showed that CTLs specific for a single 
TAT epitope can ^electTor new viral variants within two months 
of Infection. Our data show that even a synthetic vaccine with 
only two helper and three CTL epitope peptides, given mucos- 
ally, can impact the course of pathogenic SHIV infection. A mu- 
cosal vaccine that incorporates more epitopes and 
immuno-enhancing molecules may be even more effective at 
controlling virus infection by reducing the viral reservoir in the 
gut, independent of the route of exposure. 

Methods 

Macaques and vaccines. Indian rhesus macaques {Macaco mulatto) were 
matched for genetic origin, source, and comparable age and weight, and 
maintained in accordance with guidelines of the Association for Assessment 
and Accreditation of Laboratory Animal Care International and under the 
approval of the Applied Bioscience Labs Animal Center Review Committee. 
All were seronegative for SIV, simian retroviruses 1 , 2 and 5, and simian 
T-cell leukemia/lymphotropic virus type 1 (STLV-1) prior to the study, and 



were Mamu-A*01 -positive MHC type as determined by PCR-sequence-spe- 
crflc primers and direct sequencing 19 . The peptides in Fig. 1 each contain an 
HrY-envetope helper epitope 10 and an SIV Gag" or Por* CTL epitope. 

SHIV-Ku2 virus stock. SHIV-Ku2 is a chimeric virus containing the HtV-1 NIB 
strain (HXBc2) envelope gene and SIVmac239 gag and pol genes, and is 
pathogenic in rhesus macaques 23 - 24 . SHIV-Ku2 stock was isolated from 
PBMC of SHrV-Ku2-infected macaques and titer ed in vfvo intrarectally using 
10-fold serial dilutions. Inoculation with 1 ml undiluted virus infected 8/8 
(1 00%), as shown by the SIV plasma RNA within 2 weeks after virus chal- 
lenge. Virus stock diluted 1 :1 0 infected 2/4 macaques (50%), and none was 
infected with dilutions £ 1:100. Thus, the undiluted virus challenge dose 
contained -1 0 AID» for intrarectal administration. 

Immunization and challenge of macaques. Each intrarectal peptide vac- 
cine dose contained 0.5 mg of each peptide (total 2 mg peptide) mixed 
with mutant Escherichia coli labile toxin LT(R1 92C) as mucosal adjuvant (50 
tig per Immunization) 22 . Each s.c. vacdne dose was administered in the 
upper arm with the same peptide mixture emulsified 1 :1 with Montanlde 
ISA 51 adjuvant (Seppic, Fairfield, New Jersey). Control macaques received 
intrarectal LT(R1 92G) alone (50 vq per dose) by the same schedule (Fig. 1 ). 
For intrarectal inoculations, animals were sedated with ketamine hy- 
drochloride (1 0 mg/kg i.rru) and placed within a biosafety cabinet In ven- 
tral recumbency with the hindquarters elevated. The tail was elevated 
dorsally and a 3~cc slip-tip syringe was atraumatically inserted into the rec- 
tum. Vaccine or virus was administered and the tail lowered assuring com- 
plete delivery. 

Before challenge, one animal, #6991, that had received the intrarectal 
vacdne (group C), developed peritonitis following laparotomy for the final 
colonic biopsy, requiring urgent surgery to remove a large segment of devi- 
talized bowel, and nearly died. Thus, shortly prior to challenge with SHIV- 
Ku2 the immune system of this macaque was under considerable stress, as 
corroborated by greatly decreased numbers of drculating lymphocytes (irv 
dudfng CDS* T ceils), monocytes and neutrophils immediately prior to 
challenge. Although challenged, this animal could not be included In the 
analysis because of the apparent immune deficiency related to the severe 
peritonitis. 

Biopsies and Isolation of lamina propria lymphocytes. MLN and intesti- 
nal tissue were obtained by laparotomy. MLN were chosen as an interface 
between intestinal and systemic immune systems, and para-aortic and 
para-iliac nodes were not accessible in this procedure. Intestinal tissue was 
obtained either from cc4onk>wedge resection (-4 cm 2 ) at laparotomy, or at 
the time of necropsy (-1 00 cm 3 ). Lymphocytes were prepared as previously 
estabfished for human tissue 40 . 

Lymphocyte proliferation assay. Lymphocytes from blood and lymph 
nodes were freshly isolated by density-gradient centrifugation on Ficon, re- 
suspended In complete T-cell medium (CTM)*, and cultured at 3 x 1 0 s ceOs 
per well in 96-welt plates for 3d in the absence or presence of T-helper pep- 
tides (PCLUS3 or PCWSe.!) 1 * 41 , using PHA as a positive control, and then 
pubedfor8hwith1 mO pHjthymieSne. 

CTL and tetramer assays. Immune cells were cultured 7 d at 5 x 1 0* per ml 
in 1 2-weJl plates with separate synthetic SIV CTL epitope peptides in CTM. 
On day 3 rhlL-2 (Boehringer) (20 international units per ml) was added. 
Autologous B-lymphoblastold cell tine (B-LCL) target cells were pulsed with 
1 ilM peptide for 2 h during "Cr labeling, and cultured with effectors at 37 
°C for 4 h. Specific release was calculated as described* 12 . Spontaneous re- 
lease was < 1 5% of maximal release in all assays. Soluble tetrameric Mamu- 
A*01/CM9 complex conjugated to PE- labeled strep tavid in prepared as 
described 1 '- 42 was used to stain CDS* cells gated on CD3* ceils (as CD8*-spe- 
crfk monodonal antibodies can bind to natural killer cells of rhesus 
macaques 43 ) and analyzed on FACScan (Becton- Dickinson) . 

Determination of viral load. Sn/^251 mRNA in plasma was quantified by 
nudeic add sequence-based amplification (ref. 44), with a detection limit 
of 2 x 10* RNA copies. For colon and jejunum, snap-frozen samples of 
300-500 mg were homogenized and lysed in 1 ml of lysis buffer. 20-ul 
samples were analyzed, and the results normalized to 6 mg tissue. 



NATURE MEDICINE • VOLUME 7 • NUMBER 12 • 0ECEMBER 2001 



1325 



1 1 © 2001 Nature Publishing Group httAiknedicine.nature.com 



ARTICLES 



fit 



CD 
C 



2 

3 

a. 
S 
2 



For detection of virus in spleen cells at necropsy, thawed cells were 
washed in medium with 1 0% FCS, centrifuged at 1 0,000g for 1 5 min, fysed 
in DNA-STAT (Tel-Test Friends wood, Texas), and processed according to 
the directions. The DNA was resuspended in 10 mM Tris and 0.1 mM 
EDTA, and amplified in 50 nl PCR buffer, 2 jiM primers, and 200 \lM MTPs, 
for 25 cycles of 95 °C (30 s), 50 °C (30 s) and 72 *C (3 min). The amplified 
product was run on a 2% agarose gel. The sensitivity was about 1000 
copies of DNA per sample. 

Software for fitting and statistical analysis. The kinetics of plasma viral 
mRNA during the 'decay stage' (21 d after challenge) were analyzed by an 
exponential function: V(t) = V^**, where V, is the maximum number of 
mRNAs extrapolated on day 0, b is the rate of mRNA decline in plasma, and 
t is time (days). Alternatively we used the model, V(t) = V^e"** * rt * 2 (where c is 
the non-negative constant), which assumes a 'virus-escape' mechanism. 
Curve fitting and statistical analysis were performed in MLA8 (Civilized 
Software, Silver Spring, Maryland), and parameters estimated using the 
Marquardt-Levenberg method. Statistica-6 (StatSoft Tuba, Oklahoma) 
and Sigma Pk>t-2000 (SSPS, Chicago, Illinois) were also employed. 
Statistical comparisons were performed using the Mann-Whitney, 
Wilcoxon, KruskaJ-WaRis and x 2 tests, as well as a non-parametric repeated 
"measures ANOVA for plasma viral loads over time*" because the data 
could not be taken as normally distributed. We found no significant inter- 
action between time and treatment by this repeated measures ANOVA, 
consistent with the initial assumption of lack of interaction between time 
and treatment. Software for the n on -parametric repeated measures 
ANOVA is available from V. Kuznetsov (vk28u@nih.gov). 
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